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Chapter 1
General introduction and outline of the thesis

GENERAL INTRODUCTION
The main focus of this thesis is the exploration of the relationship between 
Attention Deficit Hyperactivity Disorder (ADHD) and motor coordination problems 
(Developmental Coordination Disorder, DCD). In this Introduction, ADHD and 
DCD are separately described regarding phenotype, diagnosis, clinical 
Implications, neurobiology and genetics. In addition, the combination of the two 
disorders and the prevalent models describing this combination as co-occurrence, 
comorbidity, and continuum are discussed, as well as the possible common 
underlying pathophysiology of ADHD and DCD. Finally, the overall aim of the 
thesis and the specific study objectives are discussed as they are laid out in each 
chapter of the thesis.
1.1 ADHD
ADHD as a clinical disorder
Phenotype
ADHD is a highly heritable neurodevelopmental disorder that affects 3% to 5% of all 
children (Rappley, 2005; Blederman and Faraone, 2005; Dopfner et al., 2008). It Is 
characterized by a chlldhood-onset pattern of hyperactivity, Inattention and 
Impulslvity, that commences In early childhood and often persists into adulthood 
(Barkley, 2008a; Barkley, 2009; Blederman et al., 2007). The current psychiatric 
disease classification system, DSM-IV, distinguishes three subtypes: a mainly 
Inattentive, a mainly hyperactive-impulsive and a combined subtype (American 
Psychiatric Association, 1994). ADHD can be described as a category (the disorder 
is simply present or absent) or as the extreme end of a continuum of a trait present 
In the population (Thaparetal., 2007a, Chen 2008). ADHD Is a clinically heterogeneous 
condition, In which symptom overlap or comorbidity with other conditions is the rule 
rather than the exception. Common comorbidities In children with ADHD include 
motor coordination problems, tic disorders, sleep disorders, specific learning 
disorders such as dyslexia, and child-psychiatric disorders such as depression, 
anxiety, oppositional defiant and conduct disorders, and autistic spectrum disorders 
(Biederman and Faraone, 2005; Glllberg et al., 2004b; Rappley, 2005).
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Diagnosis
For diagnosis, a clinical examination in combination with information from 
interviews and/or questionnaires from parents and teachers is advised. Impairment 
by the symptoms should be psychosocially significant to make a diagnosis. Next 
to this, a systematic screening and evaluation of comorbidity is advised (Trimbos 
Instituut, 2007; National Institute for Health and Clinical Excellence (NICE clinical 
guideline), 2008; Taylor et al., 2004). Unfortunately, to date, there is no neuro- 
biological marker to diagnose ADHD.
Clinical implications
If untreated, ADHD is a very disrupting disorder, affecting family life, school 
career, social contacts and leading to an increased risk of relational problems, 
accidents, poor career, and substance abuse such as alcohol and drugs later in 
life (Rappley, 2005; Barkley, 2008b; Klassen et al., 2004). But also if ADHD is 
treated properly, it often remains a disrupting disorder with considerable impact 
on daily life functioning.
Etiology of ADHD
Etiology: Multifactorial disorder
ADHD is best seen as a multifactorial disorder in which genes and environment 
play a complicated intertwined role (Thapar et al., 2007a; Banerjee et al., 2007a; 
Smith et al., 2009a). Multifactorial in this respect implies that the phenotype is due 
to the combination of multiple genetic as well as environmental contributors. 
In ADHD a liability threshold model is mostly used. This model assumes a continuous 
liability distribution in the general population. Family, twin and adoption studies are 
tools to examine genetic and environmental influences and their interplay. If a 
disorder is highly genetic, then monozygotic twins show a higher concordance for 
the disorder than dizygotic twins. The greater the concordance, the greater the 
attribution of genetic factors. In complex traits such as ADHD this twin difference 
design offers the opportunity to study the interaction between genetic, epigenetic 
and environmental factors. Multivariate structural models allow exploration of the 
genetic and environmental underpinnings of two co-occurring disorders, for 
example ADHD and motor coordination problems (Neale, 1992).
12
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Table 1 Diagnostic criteria for ADHD according to DSM-IV
Inattention dimension
Makes careless mistakes 
Difficulty sustaining attention 
Seems not to listen 
Fails to finish tasks 
Difficulty organizing
Avoids tasks requiring sustained attention 
Loses things 
Easily distracted 
Forgetful
Hyperactivity-impulsivity dimension
Hyperactivity:
Fidgeting
Unable to stay seated 
Moving excessively (restless)
Difficulty engaging in leisure activities quietly 
“On the go”
Talking excessively 
Impulsivity:
Blurting answers before questions completed
Difficulty awaiting turn
Interrupting/intruding upon others
To be considered as having the symptoms in each dimension, a child must 
display at least 6 of 9 of the dimension’s behaviors “inappropriately often for 
the developmental level of the child.” In addition, they must meet the following 
other criteria:
1. Some hyperactive-impulsive or inattentive symptoms that caused 
impairment present before 7 years of age.
2. Symptoms have persisted for at least 6 months.
3. Some impairment from the symptoms is present in two or more settings 
(eg, home, school or work).
4. Evidence for significant clinically impairment in social, academic, or 
occupational functioning because of the behaviors.
13
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Etiology: Genetic factors
Family-genetic studies indicate that ADHD aggregates in families, with a 5-8 fold 
increased risk in first-degree relatives and a 2-3 fold increased risk in second-degree 
relatives. Twin studies found evidence for heritability of 0.75-0.91 (Faraone and 
Doyle, 2001; Faraone et al., 2005; Rietveld et al., 2004; Wallis et al., 2008). 
However, the search for the genes for ADHD has proven to be difficult (Smith et 
al., 2009b).
To date, ADHD genetic etiology is viewed as adhering to the ‘common disease, 
common variant’ model. This model implies that ADHD is caused by common 
variations in the population (i.e. genetic polymorphisms) that each confer a small 
risk for developing the disorder (McCarthy et al., 2008). Many of these small risk 
factors have to be present in a person affected with ADHD. The existence of rare 
genetic variants, conferring greater risk for the disorder, has recently been 
suggested as well (Elia et al., 2009).
Many polymorphisms in candidate genes, mainly in dopamine, serotonin, and (nor-) 
adrenergic signaling pathways have been found to be negatively or positively 
associated with ADHD, all of them with small effect (Thapar et al., 2007b; Brookes et 
al., 2006). Recent meta-analysis confirms the relevance of a number of these genes 
(Gizer et al., 2009). The associations found so far, only account for a small percentage 
of the genetic component of ADHD, which clearly suggests the need for broader 
(hypothesis-generating) genetic analyses (Franke et al., 2009; Smith et al., 2009).
Hypothesis-generating approaches: Linkage and genome-wide 
association studies
Linkage and genome-wide association studies have been and are being 
performed aiming to find new genes for ADHD. Both types of studies are suited 
to investigate the entire genome, without prior hypotheses about genes or regions 
involved in the disorder.
Summing up the linkage studies performed to date, several regions potentially 
harboring genes for ADHD have been identified. However, little overlap has been 
found between studies, as apparent from a recent meta-analysis of the linkage 
studies, with the exception of a locus on chromosome 16q. However, as linkage 
regions often encompass dozens to hundreds of genes, no (major) genes have 
been identified from any of the loci, so far (Asherson et al., 2008; Zhou et al., 
2008a; Rommelse et al., 2008; Zhou et al., 2008c).
14
GENERAL INTRODUCTION
A new analytic approach to identifying ADHD genes is the so-called genome-wide 
association study (GWAS). This method has the advantage of hypothesis-free 
analysis in combination with high power to detect genetic variants of small effect 
size. A microarray platform is able to test many hundreds of thousands of single 
nucleotide polymorphisms (SNPs) covering close to the whole genome for 
association with a trait or disorder. Summing up the GWAS performed to date in 
ADHD, none of the findings show genome-wide significant association with 
ADHD (Neale et al., 2008a; Lasky-Su et al., 2008b; Lasky-Su et al., 2008a; Lesch 
et al., 2008). However, thresholds for acceptance of findings as significant 
currently are very strict, and certainly new interesting candidate genes have come 
up from these studies, including genes from pathways not earlier described in the 
pathogenesis of ADHD (Franke et al., 2009). These pathways include cell division, 
cell-cell communication, adhesion, neuronal migration, plasticity and cytoskeletal 
remodeling processes. Also inflammatory genes were found to possibly be 
associated with ADHD (Lasky-Su et al., 2008a). With more GWAS currently 
underway, our knowledge of the genes underlying ADHD will certainly increase 
during the next few years.
Etiology: Environmental factors
As stated before, ADHD is a multifactorial disorder to which genes and environment 
and the interaction between the two make a contribution.
Multiple risk factors, each of small effect, are required to develop the condition 
(Swanson et al., 2007). Environmental factors linked to ADHD, thus far, include 
smoking and drinking during pregnancy, as well as using drugs during pregnancy. 
Low birth weight, premature birth and perinatal adversity, postnatal brain injury 
and infections, early institutional deprivation and adverse rearing practices are 
also related to ADHD (Banerjee et al., 2007b; Hultman et al., 2007). In a study of 
monozygotic twins discordant for ADHD, the ADHD-affected child had a lower 
birth weight, and delayed growth and motor development (Lehn et al., 2007). 
These findings support that environment played a role in these ADHD-affected 
children, as monozygotic twins share (practically) 100% of their DNA, whereas 
dizygotic twins share an average of 50%.
All of the above mentioned unfavorable conditions confer an increased risk of 
developing ADHD, while postnatal risk factors seem less related to early age of 
onset ADHD (Lasky-Su et al., 2007b). However, the largest predicting factor for
15
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developing ADHD remains having biological parents who have ADHD themselves, 
even when the child lives with adoptive parents without ADHD (Faraone and 
Doyle, 2000).
Etiology: Gene-gene and gene-environment interaction
Next to genetic predisposition and an adverse environment, gene-gene and 
gene-environment interactions further complicate the study of ADHD-causal 
pathways (Thapar et al., 2007a). Gene-environment interaction has been reported, 
for example, for a functional polymorphism of the dopamine D4 receptor gene 
(.DRD4) and smoking by pregnant mothers (Neuman et al., 2007). In this study, 
carriers of the 7-repeat allele of the repeat polymorphisms in exon 3 of DRD4 
showed more ADHD symptoms if prenatally exposed to smoking. Other authors 
could not confirm this finding, however (Altink et al., 2009). Recently, gene-envi- 
ronment interaction (partly) explained why some children suffer more than others 
from early deprivation. In a study of children adopted from Romania who lived in 
orphanages in their early years the carriers of a “risk”-haplotype (combining a 
40-bp VNTR in 3’UTR and a 30-bp VNTR in intron 8) of the dopamine transporter 
gene DAT-1 were protected from developing ADHD (Stevens et al., 2009).
Neuro-anatomical abnormalities in ADHD
Structural magnetic resonance imaging (MRI) has shown that ADHD is associated 
with reduced whole brain volumes (Castellanos et al., 2002; Castellanos et al., 
2003; Durston et al., 2004). Especially in prefrontal regions, nucleus caudatus, 
corpus callosum and cerebellar regions, regional and local reductions of volumes 
were found (Valera et al., 2007). Affected areas also include regions important for 
motor control such as the frontal cortex, premotor and motor regions and 
interconnected subcortical structures. Cerebellum volume reduction has been 
shown, especially reduced right volume, localizing this anomaly specifically in the 
inferior posterior lobe of the vermis (lobules VIII to X). These findings have 
generated considerable interest in the role of the cerebellum in the pathophysiol­
ogy of ADHD. Also, in children with ADHD it is the cerebellum that can distinguish 
between affected and non-affected siblings (Durston et al., 2004).
Another recent finding is a global thinning of the cerebral cortex in two independent 
samples of children with ADHD compared to matched controls (Shaw et al., 2009; 
Narr et al., 2009). Moreover, maturation of the cerebral cortex is slower in children
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with ADHD (Shaw et ai., 2007). They reach the peak cortical thickness at age 10.5 
years, which is much later than in normally developing children, who reach this 
maximum already at the age of 7.5 years.
Functional brain abnormalities in ADHD
In addition to neuro-anatomical differences, functional studies have also found 
differences between children with ADHD and normally developing children. 
Neuropsychological studies
Until recently, neuropsychological models of ADHD have tended to focus on the 
role of common core deficits. One such model highlights the role of executive 
dysfunction as apparent in deficient inhibitory control, working memory and 
planning. These deficits are thought to be due to disturbances in the frontodorsal 
striatal circuit and associated mesocortical dopaminergic branches. An alternative 
model presents ADHD as resulting from impaired sensitivity to rewards or impaired 
signaling of delayed rewards arising from disturbances in motivational processes, 
involving frontoventral striatal reward circuits and mesolimbic branches terminating 
in the ventral striatum, particularly the nucleus accumbens. A third model stresses 
problems in time reproduction and timing of motor behaviours which may be due 
to problems in frontocerebellar circuits. Children with ADHD tend to perform more 
slowly, more variably, and less accurately, and frequently have problems with 
timing of motor output when performing motor tasks (Kalff et al., 2005; Rommelse 
et al., 2007; Toplak and Tannock, 2005). Current views assume the existence of 
neuropsychological heterogeneity in ADHD which has important implications for 
its clinical management, potentially impacting on both diagnostic strategies and 
treatment options (Sonuga-Barke, 2005).
Neurophysioiogic studies
In electroencephalography (EEG) studies, abnormalities in resting state, in theta/ 
beta oscillation ratio, and in activity during various cognitive tasks have been 
described (Rothenberger, 2009; Snyder et al., 2008). Event related potential (ERP) 
studies have shown reduced amplitudes in various cognitive tasks (Rodriguez 
and Baylis, 2007).
Functional neuroimaging studies
Functional neuroimaging (fMRI) studies have shown not only less activation of 
fronto-striatal networks in response to adequate stimuli in ADHD, but also less 
activation in other areas in the brain such as the temporal lobes (Vance et al.,
17
CHAPTER 1
2007; Rubia et al., 2007). During executive function tasks abnormal activation of 
different brain areas has been reported (Bush et al., 2005). Resting state activity 
(i.e. the spontaneous activity of the brain in the absence of a stimulus) has been 
found to be enhanced in the sensory cortex in ADHD (Tian et al., 2008). Abnormal 
spontaneous neuronal activity was also found in other areas of the brain such as 
the cingulate area and the brain stem (Zang et al., 2007).
Neurochemical imaging studies
Abnormal neurotransmission of especially dopamine, serotonin and noradrenalin 
appears to play a role in ADHD. Positron Emission Tomography (PET) scans have 
demonstrated abnormal binding of the dopamine transporter in the striatum and 
hypofunctional dopamine systems the striatum, midbrain and limbic areas in ADHD 
(Spencer et al., 2007; Volkow et al., 2007; Volkow et al., 2009; Ludolph et al., 2008). 
All in all, neuro-imaging and neuro-functional studies have demonstrated an 
underlying neurological substrate for ADHD. The prefrontal cortex and 
interconnected regions have been assigned a central role in the pathophysiology 
of ADHD, and are particularly linked with executive function (EF) deficits (Barkley, 
2000). However, as described above, ADHD is a heterogeneous disorder also on 
the cognitive level and not all children with ADHD exhibit deficits in EF (Nigg et al., 
2005; Sergeant et al., 2002). Moreover, some authors emphasize that the remission 
of symptoms that is frequently seen in adolescents and young adults is not in line 
with the EF hypothesis (Hal peri n and Schulz, 2006). They hypothesize that 
childhood ADHD is due to a subcortical neural dysfunction that is present early in 
ontogeny, and remains relatively static throughout the lifetime. Knowing that 
executive control ameliorates during development they argue that a greater 
executive control accounts for the diminution of ADHD symptoms. Early frontal 
lobe damage is known to become symptomatic at later age, usually around 10 to 
11 years of age. If ADHD were a direct result of damage to the late developing 
prefrontal cortex it would be hard to explain why most children already have 
symptoms at preschool age. Probably multiple cognitive pathways lead to ADHD 
symptoms, with EF deficits playing a causal role in only a proportion of children, 
a subset with possibly a later age of onset. Delay aversion, cognitive-energetic 
factors, motivational deficits and differences in reward system may also play a 
role in causative pathways for ADHD (Sergeant, 2000; Sergeant, 2005; 
Sonuga-Barke, 2005; Tripp and Alsop, 2001; Andreou et al., 2007; Banaschewski 
et al., 2005; Volkow et al., 2009).
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In sum, although many hypotheses have been made a specific etiological pathway 
has not been Identified so far.
As clinical heterogeneity hampers genetic research, phenotypic definition Is 
Important when considering the study of the genetic basis of ADHD. We might be 
studying phenotypes that are too broad or not genetically relevant (Franke et al., 
2009c; Thapar et al., 2005). It has been hypothesized that genetic research would 
be more successful If more homogeneous subgroups of patients were studied 
(Bultelaar, 2005). Subtyping by comorbidity, for example selecting children with 
ADHD plus motor coordination problems, Is a strategy to refine the phenotype 
(Faraone et al., 2000). This Is also Illustrated by a recent study of children with 
ADHD with and without comorbld Conduct Disorder. Only In the children without 
conduct problems an association was found with a variant of the dopamine 
transporter gene (D/47~7-3’UTR-VNTR) (Zhou et al., 2008b). Refining the ADHD 
phenotype In order to tie It to the underlying biology seems worthwhile.
1.2 DCD
DCD as a clinical disorder
Phenotype
Children generally develop an amazing number of motor skills In the first years of 
their lives. Some of these skills, such as walking, develop naturally, whereas other 
skills, such as swimming and writing require a lot of practice after specific Instruction. 
Not all children develop these skills to a level that can be expected for their age. For 
most of these children no medical cause and no specific neurological deficit can 
be found as a cause for their difficulties. These children are referred to as having 
Developmental Coordination Disorder (DCD). See Table 1 for a more detailed 
definition of the phenotype (American Psychiatric Association, 1994). Previously, 
these children have been labeled as suffering from “Clumsy Child Syndrome”, 
”Non-cerebral-palsy motor-perceptlon dysfunction”, “Minor Neurological 
Dysfunction” or “Dyspraxia of childhood” (Mlyahara and Mobs, 1995; Magalhaes et 
al., 2006; Hadders-Algra, 2002). Since 1994 the use of the term “Developmental 
Coordination Disorder (DCD)” predominates In the literature.
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The prevalence of DCD has found to be 5-6% In school-aged children, boys being 
more frequently affected than girls (2:1 to 4:1) (American Psychiatric Association, 
1994; Wilson, 2005; Mlssluna et al., 2008b). A recent large population based 
study showed a prevalence of 1.7 % In 7-years old children with a boys-glrls ratio 
of 1.8:1. This Is a lower prevalence than previously described, probably because 
Impact on dally life was taken Into consideration. When Including children who 
had DCD or probable DCD the prevalence was 4.6% (Ungam et al., 2009). DCD 
In Itself Is a heterogeneous condition, probably to be divided In subgroups 
(Polatajko and Cantln, 2005; Geuze, 2005; Mlssluna et al., 2008a; Wann, 2007; 
Bo et al., 2008; Green et al., 2008). Some children suffer from mainly fine motor 
difficulties (poor handwriting, difficulties In using scissors or tying shoelaces), 
others are mainly disturbed In postural control (balance, problems In bicycle 
riding), or gross motor learning (playing football, learning to swim).
Diagnosis
For diagnosis most clinicians and researchers use a clinical examination In 
combination with a standardized motor skill test such as the Movement ABC 
(Henderson and Sugden, 1992). Screening lists such as the Developmental 
Coordination Disorder Questionnaire (DCD-Q) are used In the diagnostic 
procedure In population-based studies (Wilson et al., 2000b; Schoemaker et al., 
2006; Calrney et al., 2008; Loh et al., 2009).
Clinical implications
Motor performance Is an Important predictor of a child’s popularity with his peers 
(Cummins et al., 2005). Children with DCD are not good at sports and outdoor play. 
They are at risk of becoming Isolated as no one wants them on their team. They are 
known to have poor self-esteem and are at risk of emotional problems such as anxiety 
and depression (Plek et al, 2005; Hoza, 2007). Additionally, physical health concerns 
such as childhood obesity and reduced physical fitness have been raised (Calrney et 
al, 2007; Calrney et al, 2005) and motor coordination problems can Interfere with 
academic performance (Plek et al, 2007). Thus, It Is Important to recognize these 
children, preferably at ayoung age (Mlssluna et al, 2006). Although DCD Is a disorder 
with high frequency, professionals seem to lack knowledge about It and It seems that 
not all children with DCD are diagnosed properly. Professionals seem to need more 
training and guidance In the field of DCD (Gaines et al, 2008; Dunford et al, 2004).
2 0
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Table 2 Diagnostic criteria for developmental coordination disorder (DCD) 
according to DSM-IV
A. Performance in daily activities that require motor coordination is substantially 
below that expected, given the person’s chronological age and m easured  
intelligence. This may be manifested by:
• Marked delays in achieving motor milestones (e.g., walking, crawling, sitting)
• Dropping things
• Clumsiness
• Poor performance in sports
• Poor handwriting
B. The disturbance in criterion A significantly interferes with academic achievement 
or activities of daily living
C. The disturbance is not due to a general medical condition (e.g., cerebral palsy, 
hemiplegia or muscular dystrophy) and does not meet criteria for a pervasive 
developmental disorder
D. If mental retardation is present, the motor difficulties are in excess of those usually 
associated with it
Etiology of DCD
Etiology: Multifactorial disorder
Interindividual differences in motor development are the result of the complex 
interplay between genes and the somatic and social environment. Some authors 
consider DCD as the lowest extreme end of a continuum of motor performance, 
others describe DCD as a categorical disorder, or consider it as the lightest form 
of cerebral palsy. To date, little is known about the etiology of DCD. It is probably 
best seen as a multifactorial disorder. In the following section genetic and 
environmental risk factors are discussed as well as some neurobiological and 
neurofunctional deviations associated with DCD.
Etiology: Genetic factors
Only one study examined the heritability of DCD (Martin et al, 2006). This 
population-based twin study used the DCD-Q and has estimated the heritability
21
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of DCD to be 0.69. To date, little Is known about the genetic factors of DCD. 
Although familial factors have been mentioned to play a role In DCD (Glllberg et 
al, 2004), very little genetic research has been done In this field. In a small group 
of children with severe DCD, epileptiform activity (rolandlc spikes) during sleep 
was found (Scabar et al, 2006). Since rolandlc spikes are known to be highly 
heritable (Holtmannetal, 2004) the authors suggested that a genetic pathogenesis 
of DCD Is probable.
Molecular genetic studies of DCD have not been performed so far In children. 
Knowing that the basal ganglia, especially the striatum, play an Important role In 
motor behavior dopamine genes would be Interesting In the search for genetic 
causes of DCD, especially the DAT-1, DRD2 and DRD5 gene, genes that are 
preferably expressed In the striatum (Diamond, 2007). Generating hypotheses on 
which genes to examine however, remains difficult since so little Is known 
regarding the etiology of DCD. This emphasizes the need for other analytic 
approaches such as genome-wide association studies (GWAS), with the 
possibility to perform hypothesis-free analysis of the entire genome. GWAS also 
makes It possible to discover genes of small effect size.
Environmental factors
The relationship of DCD with perinatal damage Is well known, particularly In children 
who have been born prematurely. Low birth weight, low Apgar scores and postnatal 
respiratory problems all have been associated with DCD In school-age children. 
These unfavorable perinatal circumstances may lead to hypoxia to which the young 
brain Is very sensitive (Burns et al, 2009; Jongmans et al, 1998; de Klelne et al, 
2003; Foulder-Hughes and Cooke, 2003; Davis et al, 2007).
Neurobiology
Little Is known about the neuroblologlcal substrate of DCD (Wilson and Butson, 
2007). Although the relationship with perinatal problems Is well known, many 
children with DCD show no perinatal risk factors whatsoever. Delay of maturation 
of the brain has been mentioned as a factor limiting motor development In DCD 
(Wilson and Larkin, 2008). The gender difference found In most studies of DCD 
with boys being more frequently affected than girls could partly be explained by 
the delay of maturation theory, as girls are known to have an earlier maturation of 
brain areas considered Important In motor control (Larson et al, 2007; Lenroot et
2 2
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al, 2007). The cerebellum Is supposed to play a significant role In DCD (Geuze, 
2005; Cantln et al, 2007; Sergeant et al, 2006b; Mackle et al, 2007; Zwlcker et 
al, 2009). Also In a recent review of possible neural correlates of DCD the 
cerebellum Is assigned the dominant source of neuropathology In children with 
DCD (Zwlcker et al, 2009). Other possible correlates Include the parietal lobe, 
corpus callosum and basal ganglia. Table 3 summarizes neuroblologlcal 
deviations established In children with DCD and their possible neural correlates. 
However, DCD should not be merely viewed as a neuronal problem. Motor skills 
are related to the whole range from cerebrum, cerebellum and motor neuron to 
neuromuscular junction and muscle sensors and cells. Perceptual, feedback and 
learning processes, motor preparation and movement execution processes all 
play a role In motor coordination. These processes rely on the visual system, 
memory, attention, the balance system, the klnaesthetlc system (“feeling one’s 
body”) and the motor effector system. In children with DCD maximal muscle 
strength (Raynor, 2001), steadiness In force tasks (Smlts-Engelsman et al, 2008), 
muscle activity In the control of balance (Geuze, 2005) as well as klnaesthesla 
(Vlsser, 2003) have been shown to be altered. Defects In any or several of these 
processes or systems may contribute to DCD.
Neuroanatomical and functional brain abnormalities in DCD
Unfortunately, to date no structural neuro-lmaglng studies have been performed 
In DCD. One small fMRI study was recently undertaken (Querne et al, 2008). In 9 
children with DCD decreased functional connectivity between striatum and 
parietal lobe during a go/no-go task compared to 10 controls was established. 
Stronger anterior clngulate and weaker prefrontal activity was found compared to 
the control children. These preliminary data possibly suggest abnormal 
hemispheric specialization In children with DCD.
As far as neuropsychological studies go, Information processing deficits have 
been linked to children DCD for many years. However, these deficits are not so 
much related to executive functions, but seem to Involve timing deficits related to 
the cerebellum. In executive functioning tasks motor ability affected speed of 
performance, but not performance variability (Plek et al, 2004; Plek and Dyck, 
2004).
Perceptual processes that Involve registration, Integration and Interpretation of 
sensory Information seem compromised In children with DCD (Schoemaker et al,
23
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2001; Crawford and Dewey, 2008). Some of the affected children have difficulties 
in visual perception while others have problems in perceiving and using 
proprioceptive information (“feeling their body”) (Schoemaker et al, 2001; Geuze, 
2005; Van Waelvelde et al, 2006). Poor postural stability appears to play a role in 
poor drawing skills (Miyahara et al, 2006). Interestingly, children with coordination 
problems exhibit deficits in imagined movements as well as “real” movements 
(Deconinck et al, 2008; Lewis et al, 2008).
Currently, there is renewed interest in the relationship between motor behavior 
and cognition (Piek et al, 2008a). A link between early gross motor development 
and later cognitive development has been found, relevant in particular for working 
memory and processing speed (Piek et al, 2008b). Achieving motor milestones 
at an earlier age (e.g. standing without support) predicted better working memory 
in adults in this study.
1.3 ADHD + DCD 
Co-occurrence or Comorbidity?
Clinical and epidemiological studies report that 30% to 50% of children with 
ADHD suffer from motor coordination problems. The other way around, about half 
of the children with motor coordination problems also show attentional and 
behavioral problems (Kadesjo and Gillberg, 1998; Visser, 2003; Piek et al, 1999; 
Gillberg, 2003; Green et al, 2006; Crawford et al, 2006b). The frequent 
combination of ADHD and motor coordination problems has led to the definition 
of a special term for this disorder, i.e. ‘Deficits of Attention and Motor Perception 
(DAMP)’ in the Scandinavian countries (Gillberg, 2003; Landgren et al, 1998). 
More recently, the combination has been called !DCD-plus’ (Gibbs et al, 2007). 
For the combined occurrence of two disorders different descriptions have been 
used, that implicate different mechanisms in the etiology of the combination. 
The term ‘co-occurrence’ should be used if two disorders simply happen to 
be present together in a single patient and may or may not be causally related. 
The term ’comorbidity’ in itself also suggests that two disorders exist simultaneously 
and independent of each other, but is mostly used if two disorders are somehow 
related. In a recent article on comorbidity of tic disorders and ADHD a comprehensive 
review of various possible models of comorbidity is provided, that can be generalized
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Table 3 Main characteristics and neurobiological deviations found in children 
with DCD (adapted from Zwicker, 2009)
Possible 
DCD symptoms
Possible 
neural correlate
1. Poor postural stability (static and dynamic balance, 
hypotonia/hypertonia, poor 
distal control)
cerebellum
2. Difficulties in motor 
learning
(delay of motor skill 
acquisition, planning, 
adaption, automatization)
cerebellum, basal ganglia
3. Poor sensorimotor 
coordination
(coordination, timing, 
sequencing, planning, 
feedback)
cerebellum, basal ganglia
4. Poor perception and 
processing of sensory 
information
(visual-spacial information 
processing deficit, 
perceiving and processing of 
proprioceptive information)
parietal lobe
5. Imaginary movement 
disturbances
parietal lobe, cerebellum
6. Soft neurological signs (finger to nose touching, 
rapid alternating 
hand movements 
(dysdiadochokinesis))
cerebellum
to other psychiatric disorders (Banaschewski et al, 2007). in these models, 
comorbidity is either artifactual or non-artifactual. In artifactual comorbidity chance, 
sampling bias, rater problems and diagnostic criteria issues may play a role. 
Non-artifactual comorbidity might be due to symptomatic phenocopy, in which one 
disorder is mistaken forthe other due to overlap in the diagnostic criteria, or causes 
symptoms of the other. Secondly, a common etiology might lead to comorbidity 
with both disorders simply being alternative expressions of the same biological or 
genetic deficit. A third model implies that the co-occurrence of both disorders
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really reflects disorders with an Independent nosology. And finally two disorders 
might show "true” comorbidity meaning that one Increases the risk for the other or 
that they share common or overlapping risk factors.
Although the true nature of the underlying processes of the association between 
ADHD and motor coordination problems Is still unknown, comorbidity to date 
seems the best term to use.
Recent clinical and experimental evidence suggests a greater Impact of motor 
dysfunction on ADHD than was considered before (Sergeant et al, 2006). The 
combination of the two disorders predisposes to a less favorable prognosis than 
the two disorders, separately. For example, In a Scandinavian study 22 year old 
adults with the combination of ADHD and DCD had a much poorer outcome than 
adults of the same age with ADHD only with regard to social functioning and 
social relationships, school and work career, psychiatric problems and abuse of 
alcohol and drugs (Rasmussen and Glllberg, 2000). This Implies that the 
comorbidity of the two disorders Is clinically relevant.
Etiology
It remains unclear what exactly Is the etiology of the combination of ADHD and 
motor coordination problems, although this relationship has been known to exist 
for many years. A recent study Investigated etiological factors for ADHD and DCD 
In a monozygotic twin design (Pearsall-Jones et al, 2009). In this large, popula- 
tlon-based study, six groups of twins were compared: concordant for ADHD, 
DCD, ADHD plus DCD, and discordant for ADHD, DCD, ADHD plus DCD. In 
discordant pairs for both ADHD and DCD more second born children than 
first-born children from monozygotic twins were affected. This points to a 
environmental role In affected children, given their monozygosity and the fact that 
the second child of a twin pair usually has the most perinatal complications. 
For DCD the number of concordant and discordant twin pairs was equal, whereas 
for ADHD there were more concordant than discordant pairs. This Implies that 
DCD Is more environmentally mediated than ADHD. The discordant ADHD group 
had a shorter mean gestational age. The results further suggest different 
etiological pathways for the two disorders ADHD and DCD, with more pre-, 
perinatal and oxygen perfusion complications In affected children with DCD. 
For the combination of ADHD and DCD different models have been proposed 
that are discussed below.
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Underlying pathophysiology of the comorbidity
Which pathophysiological mechanisms underlie the combination of ADHD and 
motor coordination problems has been a subject of debate over decades. A 
number of conceptual frameworks of the etiology has been proposed over the 
years, all of them pointing to an underlying anomalous brain development of 
some kind. These theories include minimal brain dysfunction (MBD), minor 
neurological dysfunction (MND) and atypical brain development (ABD) and are 
attractive as integrative concepts of etiology (Hadders-Algra, 2002; Sergeant et 
al, 2006, Gilger and Kaplan, 2001). In the past it had been suggested that children 
with ADHD have motor problems as a result of their poor attention. However, two 
studies showed that the motor problems were not related to the attention deficit, 
but to a motor deficit as a separate entity from attention (Miyahara et al, 2006; 
Pitcher et al, 2003). However, as motor and executive control systems develop in 
dependence of each other’s functional integrity and maturation, a shared neural 
circuitry including fronto-striatal systems and cerebellum as a potential substrate 
of ADHD plus motor coordination problems still seems likely (Diamond, 2000). 
Evidence for this comes, for example, from a study of DCD, where measures of 
cognitive and psychosocial impairment, i.e. attention, reading, writing, spelling 
and psychosocial adjustment showed a linear relationship with severity of DCD 
(Crawford et al, 2006). In the only study of a non-cognitive task in a fMRI study in 
children with ADHD reduced activation in parietal and primary motor cortex was 
reported and no frontostriatal changes during performance of simple motor 
movements (Mostofsky et al, 2006). Possibly fronto-striatal involvement is more 
specific to the cognitive and motivational deficits in ADHD, whereas motor 
coordination problems have a different neurobiological basis (Durston, 2008). At 
the molecular level a dopamine-induced dysbalance of basal ganglia neurocircuits 
may be an important pathophysiological component in ADHD and related 
movement problems (Archer and Beninger, 2007).
Only one study has investigated a possible shared genetic background of ADHD 
and DCD, so far (Martin et al, 2006). In this study of a population-based twin 
sample, the shared heritability for ADHD and motor problems ranged between 
29% and 51% for the combined subtype of ADHD, depending on the rating scale 
used. This first finding implies that, indeed, ADHD and motor problems may exist 
as a “true” comorbidity.
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How to define ADHD + motor problems for genetics studies
It should be kept In mind that when talking about developmental disorders such as 
ADHD and DCD, we are not referring to diseases, but to disorders. A disease Is a 
well-defined clinical entity, often with a known etiology. In contrast, disorders are 
syndromes that deviate from some standard of normality (Thapar et al, 2006). 
Developmental problems exist along a continuum of symptom severity. Splitting 
clusters of symptoms Into categorical diagnoses has been popular In child psychiatry 
but does not always apply to everyday practice where children come In with a variety 
of co-occurring developmental problems of dimensional nature. Theterm “continuum” 
refers to this progression of symptoms on a scale. ADHD + motor problems could be 
quantitatively or qualitatively different from ADHD without motor problems. 
The quantitative theory suggests a liability threshold model, In which ADHD + motor 
problems Is a genetically more severe form of ADHD (Thapar et al, 2005). In this view 
the genetic factors associated with motor problems are completely shared by ADHD. 
The same set of genes determines both phenotypes. In the qualitative theory ADHD 
+ motor problems genes do not have to confer risk for ADHD without motor problems 
or vice versa. This would Implicate that siblings of children with ADHD without motor 
problems have a similar risk for motor problems as normal controls. It could mean 
that some genes are specific for ADHD without motor problems.
The IMAGE study as a tool for genetic studies on ADHD + motor problems
The data analyses used In this thesis are based on the International Multicenter 
ADHD Genetics (IMAGE) study (Brookes et al, 2006; Kuntsl et al, 2006). IMAGE 
Is a consortium of research groups under leadership of Stephen Faraone and 
funded by the National Institute of Mental Health (NIMH) In the USA. Seven 
European countries and Israel participate In this study that alms to find new genes 
for ADHD. Data collection Including DNA sampling was done In The Netherlands 
from 2004 to 2007. 365 probands with combined subtype ADHD, their parents 
and at least one sibling were Investigated. All families were required to be of 
European Caucasian descent. The probands were required to be 5 to 17 years 
old, have an IQ of >70 and not suffer from autism, epilepsy or any disorder 
associated with ADHD symptoms such as Fraglle-X. The siblings could or could 
not have ADHD, allowing a concordant/discordant sibling design. All children had 
been previously evaluated by a pediatrician, neurologist or child psychiatrist, but 
were extensively reassessed for ADHD and comorbld disorders.
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ADHD diagnosis was based on the Parental Account of Children’s Symptoms 
(PACS) (Taylor et al, 1986). Interviewers were centrally trained in the UK and 
interrater reliability tests were done during the period of data collection. In addition 
to the interview, questionnaires were used, including Parent and Teacher Conners’ 
long version rating scales (Conners, 2003) and Parent and Teacher Strengths and 
Difficulties Questionnaires (SDQ) (Goodman, 1997). A standardised algorithm 
was applied to the PACS to derive each of the 18 DSM-IV ADHD symptoms and 
these were combined with Conners scores to make a clinical diagnosis of ADHD. 
Comorbidities were diagnosed according to the PACS interview, which covers 
DSM-IV symptoms of Mood Disorder, Anxiety Disorder, Oppositional Defiant 
Disorder and Conduct Disorder.
To detect possible motor difficulties the Developmental Coordination Disorder 
Questionnaire (DCD-Q), was completed by parents, and the ‘Groningen Motoriek 
Observatieschaal' (Groningen Motor Observation scale, GMO), was completed 
by teachers. The DCD-Q, developed in Canada by Wilson et al. identifies children 
with motor problems in daily life and has been used extensively in different parts 
of the world (Wilson et al, 2000; Schoemaker et al, 2006; Wilson et al, 2009). 
The questionnaire is subdivided into 4 subscales: motor control in motion, fine 
motor control/handwriting, gross motor control/planning and general coordination. 
A standardised motor performance test, the Movement ABC (Henderson and 
Sugden, 1992), was taken in a subgroup of children with and without ADHD 
participating in the IMAGE study and in a control group.
A questionnaire concerning physical domains was designed especially for the 
Dutch part of the IMAGE study to be completed by parents and containing 36 
questions concerning development, motor milestones, sleep habits, infections, 
hospital admissions, medication and use of facilities like physical therapy, as well 
as questions regarding parents’ health.
To enable molecular genetic studies IMAGE participants participated in the 
Genetic Association Information Network (GAIN) (Manolio et al, 2007). In 954 
child - parent triads from IMAGE genotyping was performed using an array with 
600.000 SNPs. This way close to 100% of the genetic variation in these subjects 
could be described. A number of papers based on this interesting international 
dataset has been published in the past 2 years (among others Neale et al, 2008a; 
Neale et al, 2008b; Anney et al, 2008b; Anney et al, 2008a; Lasky-Su et al, 
2008a; Lasky-Su et al, 2007a; Chen et al, 2008).
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1.4 Aims of this thesis
The overall aim of this thesis Is to examine the relationship between ADHD and 
motor coordination problems, using data from the IMAGE study. Subdivided Into 
a more descriptive section and one Investigating the etiology of the association of 
the two disorders, the specific alms of this thesis are as follows:
Part 1: The burden of motor problems in ADHD
1. To evaluate the occurrence of motor problems in children with ADHD and 
examine to which extent the occurrence is related to age and gender.
2. To explore the relationship between children’s self-perceived performance and 
their actual motor performance as measured by a professional.
3. To explore which factors determine whether children with ADHD and motor 
problems will be treated for their motor problems.
Part 2: The etiology of ADHD plus motor problems
4. To examine whether the comorbidity of ADHD and motor problems is due to 
common familial/genetic factors and - if so - which specific genes are 
involved.
These specific study aims are examined in the following chapters:
In the descriptive part of the thesis, Chapter 2 describes motor problems in 
children with ADHD and effects of age and gender in the Dutch part of the IMAGE 
study. Chapter 3 examines the actual and perceived motor performance in 
children with ADHD, their unaffected siblings and healthy peers. A Movement 
ABC test was performed and compared to the self-perception of motor 
performance in children with and without ADHD. Chapter 4 presents an answer to 
the clinically driven question of whether motor problems are treated often enough. 
We report on usage of treatment by physical therapy in motor impaired children 
with ADHD and behavioral factors that can predict treatment status.
Two chapters deal with the etiology of ADHD plus motor problems. In Chapter 5, 
we used the concordant and discordant sibling design of IMAGE and analyzed 
whether ADHD and motor problems are co-transmitted in families and thus 
appear to share a common familial etiology, which could be genetic and/or 
environmental in origin. This chapter also tries to answer the question of whether 
children who show both ADHD and motor problems may represent a distinct 
subgroup which is (qualitatively) different from pure ADHD.
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Chapter 6 is a molecular genetic study describing a genome-wide association 
study for motor coordination problems In ADHD. Here, the aim was to discover 
genes for motor coordination associated with ADHD In a hypothesis-free way. 
Chapter 7 presents a summary as well as a general discussion of the findings. 
Clinical Implications and directions of future research are discussed.
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CHAPTER 2
Abstract
Objective
ADHD is frequently accompanied by motor coordination problems. However, the 
co-occurrence of poor motor performance has received less attention In research 
than other coexisting problems In ADHD. The underlying mechanisms of this 
association remain unclear. Therefore, we Investigated the prevalence of motor 
coordination problems In a large sample of children with ADHD, and the relationship 
between motor coordination problems and Inattentive and hyperactlve/lmpulslve 
symptoms. Furthermore, we assessed whether the association between ADHD and 
motor coordination problems was comparable across ages and was similar for both 
genders.
Method
We Investigated 486 children with ADHD and 269 normal controls. Motor coordination 
problems were rated by parents (Developmental Coordination Disorder Questionnaire) 
and teachers (Groningen Motor Observation Scale).
Results
Parents and teachers reported motor coordination problems In about one third of 
children with ADHD. Problems of fine and gross motor skills, coordination skills and 
motor control were all related to Inattentive rather than hyperactlve/lmpulslve 
symptoms. Relative to controls, motor coordination problems In ADHD were still 
present In teenagers according to
parents; the prevalence diminished somewhat according to teachers. Boys and girls 
with ADHD were comparably affected, but motor performance In controls was better 
In girls than In boys.
Conclusions
Motor coordination problems were reported In one third of children with ADHD and 
affected both boys and girls. These problems were also apparent In adolescents with 
ADHD. Clinicians treating children with ADHD should pay attention to co-occurring 
motor coordination problems because of the high prevalence and the negative 
Impact of motor coordination problems on dally life.
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Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a persistent, heritable neurodevel- 
opmental disorder that affects 3% to 5% of all children. It is characterized by a 
childhood onset pattern of hyperactivity, inattention and impulsivity. The current 
classification system DSM-IV distinguishes between three subtypes: a mainly 
inattentive, a mainly hyperactive-impulsive and a combined subtype (American 
Psychiatric Association 1994). ADHD is a clinically heterogeneous condition, in which 
symptom overlap or co-occurrence of other conditions is the rule rather than the 
exception. Common comorbidities in children with ADHD include oppositional defiant 
and conduct disorders, mood disorders, anxiety disorders, tic disorders, autism 
spectrum disorders, and specific learning disorders such as dyslexia (Gillberg et al. 
2004; Biederman and Faraone 2005; Rappley 2005).
Poor motor coordination or motor performance is another frequent coexisting problem 
in children with ADHD, though it has received less attention in research. Recent 
clinical and experimental evidence suggests a greater role of motor factors in ADHD 
than was considered before.
Many children with ADHD have weak pragmatic motor skills and these may be 
associated with working memory performance, especially with the visual sketchpad 
of working memory. Structural MRI reports and neuropsychological findings like 
variability in timing and movement have refocused research on the role of the 
cerebellum in ADHD (Sergeant et al. 2006).
Clinical and epidemiological studies report that 30%-50% of children with ADHD 
suffer from motor coordination problems. These percentages are dependent of the 
type of motor assessment, referral sources and the cut-off points used (Gillberg 
1998; Kadesjo and Gillberg 1998; Geuze et al. 2001; Wilson 2005). Motor coordination 
problems have previously been labelled "Clumsy Child Syndrome”, "Non-cerebral- 
palsy motor-perception dysfunction”, "Minor Neurological Dysfunction” or "Dyspraxia 
of childhood” (Miyahara and Mobs 1995; Hadders-Algra 2002; Magalhaes et al. 
2006). Since 1994 the use of the term Developmental Coordination Disorder (DCD) 
predominates in the literature. In the Scandinavian countries the combination of 
ADHD and motor coordination problems has led to a special term, Deficits of Attention 
and Motor Perception (DAMP). DAMP in its severe form occurs in 1.2-2.0% of all 7 
year olds (Gillberg 2003). Recently it was suggested to change the term DAMP into 
DCD-plus (Gibbs et al. 2007). The core characteristic of DCD involves a marked
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impairment in the performance of motor skills. This impairment has a negative impact 
on activities of daily life such as dressing, feeding, riding a bicycle, and/or academic 
achievement through poor handwriting skills. The condition is not due to medical 
conditions like cerebral palsy and the diagnosis should not be given to children with 
an IQ below 70.
It remains unclear which pathophysiological mechanisms, exactly, play a role in the 
origin of the co-occurrence of ADHD and motor coordination problems. Neuropsy­
chological and neuro-imaging studies have demonstrated an underlying neurological 
substrate for ADHD.
In ADHD dysfunction of frontosubcortical structures as well as reduced brain volumes 
have been established (Castellanos et al. 2002). Hypofunctional dopamine and 
noradrenalin systems are presumed in ADHD (Swanson et al. 2000). A dopamine- 
induced dysbalance of basal ganglia neurocircuitries may be an important 
pathophysiological component in ADHD and related movement problems (Archer 
and Beninger 2007). In the past it was suggested that children with ADHD have motor 
coordination problems as a result of their poor attention. Recent findings of inaccurate 
drawing in children with ADHD showed that these were not related to an attention 
deficit, but to a motor deficit as a separate entity from attention deficit (Miyahara et al. 
2006).
Although there is robust evidence of clinically significant coexistence of ADHD and 
motor coordination problems, several aspects of the association between the two 
remain unclear.
First, data are inconsistent as to whether the association is similar for the inattentive 
and the hyperactive/impulsive symptoms of ADHD. It appears that mainly inattentive 
symptoms relate to motor coordination problems, though the relation between 
hyperactive/impulsive symptoms and motor coordination problems has also been 
reported (Kadesjo and Gillberg 1999; Piek et al. 1999). Furthermore, findings are 
inconsistent in how the association applies to various aspects of motor functioning 
(fine motor skills, gross motor skills, general coordination and control during 
movement). In general, most reports describe the strongest association between 
ADHD and fine motor problems, but some indicate a stronger relationship between 
ADHD and gross motor problems (Pitcher et al. 2003; Visser2003; Tseng et al. 2004). 
In a genetic study into the possible shared aetiology of ADHD and DCD the inattentive 
subtype of ADHD was most strongly linked to control during movement (Martin et al. 
2006). The inconsistencies in findings regarding the relation between inattentive and
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hyperactive/impulsive symptoms of ADHD and specific motor coordination problems 
warrant further research in this area.
Second, it is unknown whether the association of motor coordination problems and 
ADHD is comparable across ages. The limitations in daily life caused by poor motor 
performance vary with age. Four to six year old children mainly have problems with 
dressing, use of scissors, drawing, tying shoelaces, and riding a bicycle. Children 
seven to ten years old encounter difficulties in writing, dressing, swimming, 
constructional play, ball skills and outdoor play, while eleven to nineteen year olds 
have problems of clumsiness in writing, drawing, ball skills, poor table manners and 
tool use. It has been hypothesized that the puberty growth spurt, during which 
children tend to become more clumsy, would cause increased problems in children 
with poor motor performance (Visser 2003). This hypothesis was partly confirmed in 
a study, in which children with severe problems in motor performance kept motor 
coordination problems after the growth spurt, whereas children with mild motor 
difficulties did as well as control children after their rapid growth (Cantell et al. 2003). 
There are few data on the natural outcome and the prognostic value of motor 
coordination problems in children with ADHD. In a Scandinavian study 22-year-old 
adults with the combination of ADHD and DCD had a much poorer outcome than 
adults ofthe same age with ADHD only (Rasmussen and Gillberg 2000). The outcome 
in the group with the combination of ADHD and motor coordination problems was 
poorer with regard to social functioning and social relationships, school and work 
career, psychiatric problems and abuse of alcohol and drugs. All in all, these findings 
suggest that the association between ADHD and motor coordination problems is an 
important prognostic feature. The association may not be automatically comparable 
across ages and deserves further investigation.
A third issue concerns gender. Scientific literature on ADHD is mainly based on 
research in boys, since ADHD is more frequently observed in boys than in girls 
(Biederman et al. 2002). However, research into girls with ADHD has shown that they 
are as affected in their (neuro)-psychological functioning and behaviour as boys with 
ADHD (Seidman et al. 2005; Biederman et al. 2006). Even though girls form only a 
minority of children with ADHD, they should not be overlooked. So it was the third aim 
of our study to examine if the association of ADHD and motor coordination problems 
is similar for girls as it is for boys.
In sum, the present study aimed to examine the association between ADHD and 
motor coordination problems rated by parents and teachers in a large and well
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phenotyped ADHD-sample. We addressed the following questions: (1) Is the 
association between ADHD and various aspects of motor coordination problems 
(fine motor problems, gross motor problems, general coordination problems, and 
control during movement problems) similar for the Inattentive and hyperactive/ 
Impulsive symptoms, (2) Is the association between ADHD and motor coordination 
problems comparable for children of different ages, and (3) Is the association between 
ADHD and motor coordination problems similar for boys and girls.
Methods
Subjects
This study Is part of The International Multicenter ADHD Genes study (IMAGE). 
IMAGE Is an International collaborative study of 12 specialist centres In eight countries 
(Belgium, Germany, Holland, Ireland, Israel, Spain, Switzerland and United Kingdom) 
that alms to Identify genes that Increase the risk for ADHD using QTL linkage and 
association strategies (Kuntsl et al. 2006). Families with at least one child with the 
combined subtype of ADHD and at least one additional full sibling (regardless of 
ADHD-status) were recruited. In the Netherlands 365 families participated. Families 
were either Invited to participate by their paediatrician or child psychiatrist, or reacted 
to advertisements In the Magazine or on the website of the association of Dutch 
Parents of children with ADHD. Data on motor functioning were collected from 337 
ADHD families; these data were the focus of this study. All children were between the 
ages of 5 and 19 years and were of European Caucasian descent. Participants were 
excluded If they had an IQ<70, had suffered from neonatal problems leading to 
neurological conditions, general learning difficulties, a diagnosis of autism, or known 
genetic disorders, such as Down syndrome or Fraglle-X-syndrome.
The control children were recruited from elementary schools and high schools In the 
Netherlands. Principals were contacted by mall seeking permission to ask the parents 
to participate. Parents who gave permission received questionnaires by mall. Both 
parents and teachers completed the Conners’ long version. Control children had to 
obtain non-cllnlcal scores on both the parent and teacher version (Conners’-N-scale: 
T-score<63) to rule out ADHD among them. Data on motor functioning were available 
from 147 control families.
Local ethics review boards In the Netherlands approved the study. Parents provided
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written informed consent for their children less than 12 years old; children aged 12 
and older gave written informed consent themselves, in addition to their parents.
ADHD measures
The DSM-IV-based procedure used to establish an ADHD diagnosis in our sample is 
described fully elsewhere (Brookes et al. 2006). Briefly, screening questionnaires 
(parent and teacher Conners’ long version rating scales (Conners 2003) and parent 
and teacher Strengths and Difficulties Questionnaires (Goodman 1997) were used to 
screen children for ADHD symptoms, and children who scored in the clinical range 
were subsequently invited for a complete diagnostic procedure. T-scores>62 on the 
Conners’ ADHD-subscales (L for inattention, M for hyperactive-impulsive and N for 
total scores) and scores >90th percentile on the SDQ-hyperactivity scale were 
considered as clinical. All children within a family scoring clinically on any of the 
questionnaires completed either by the parents or the teachers, were invited for a 
hospital visit, in which a semi-structured, standardized, investigator-based interview, 
the parental account of children’s symptoms (PACS) (Taylor et al. 1986) was 
administered. The PACS covers DSM-IV symptoms of ADHD, conduct disorder, 
oppositional defiant disorder, anxiety, mood, and other internalizing disorders. 
The section on autistic behaviour traits was administered, if a clinical score (raw 
score>14) was obtained on the Social Communication Questionnaire (Berument et 
al.1999). A standardised algorithm was applied to the PACS to derive each of the 18 
DSM-IV ADHD symptoms, providing operational definitions for each behavioural 
symptom. These were combined with items that were scored 2 ("pretty much true”) 
or 3 (“very much true”) in the teacher-rated Conners’ ADHD subscales (L, M and N) 
to generate the total number of hyperactive-impulsive and inattentive symptoms of 
the DSM-IV symptom list. Situational pervasiveness was defined as at least one 
symptom occurring within two or more different situations as indicated by the parents 
in the PACS interview, as well as the teachers’ Conners’ questionnaire.
Motor measures
Assessment of motor functioning was performed using the Developmental 
Coordination Disorder Questionnaire (DCD-Q), filled out by parents, and the 
Groningen Motoriek Observatieschaal’ (Groningen Motor Observation Scale, GMO), 
filled out by teachers.
The DCD-Q identifies children with motor coordination problems in daily life. It is a
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widely accepted and in recent years frequently used questionnaire to screen for 
motor coordination problems. In the Netherlands it was recently translated and 
validated (Wilson et al. 2000; Martin et al. 2006; Schoemaker et al. 2006). The DCD-Q 
contains 17 items. For each item, parents are asked to compare the degree of 
similarity of their child with other children of the same age, and to rate this on a 
5-point scale, ranging from “not at all like this child,” to "extremely like this child”. The 
total score varies from 17 to 85, with low scores representing poor performance. 
There are 4 subscales: fine motor control/handwriting, gross motor control/planning, 
general coordination and control during movement. The internal consistency of the 
questionnaire is high (alpha=0.88) (Wilson et al. 2000). Scores within the lower 10th 
percentile, between the 10th to the 25th percentile and above the 25th percentile of 
normal controls represent the presence of DCD, suspected DCD and no DCD, 
respectively. In this study, we used the 10th percentile as the cut-off to indicate the 
presence of motor coordination problems.
The GMO was developed at the University of Groningen in the Netherlands and is an 
observation checklist to be filled out by teachers (Dellen van et al. 1990). It contains 
18 items to be scored on a 4-point scale, ranging from “not at all like this child” to “like 
this child”. The total score varies from 18 to 72. High scores on the GMO indicate poor 
performance. The cut-off scores to indicate the presence of DCD, suspected DCD or 
no DCD depend on age and gender. A score below the 15th percentile of an age- and 
gender-matched control group is considered suspicious for DCD, a score below the 
5th percentile as presence of DCD. The 15th percentile cut-off was used as the cut-off 
in this study to indicate motor coordination problems. The GMO is validated for the 
ages 5-11, for children 12 years and older we used the 11-years cut-off points.
Data analysis
A p-value of <0.05 was used to indicate statistical significance. All statistics were 
performed with SPSS (version 14.0; SPSS, Inc. 2005). Prorating using the mean of the 
list was performed in case a questionnaire (DCD-Q or GMO) had a maximum of five 
missing items. This was done for 32 children with ADHD (7%) and 9 control children 
(3%) for the DCD-Q and for 77 children with ADHD (16%) and 26 control children 
(10%) for the GMO.
Because of non-normality of the GMO data, we applied a Van der Waerden 
transformation (Van der Waerden 1950), which reduced skewness and kurtosis. 
A similar procedure was used on the data of the DCD-Q, so that both questionnaire
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scores were standardized. The GMO scores were mirrored, in addition, so that scores 
on all motor variables would imply the same meaning: a low score was indicative of 
poor motor performance, a high score of good motor performance. Pearson 
correlations between the different motor variables were calculated. To address the 
first research question, a regression analysis was conducted with Conners’ inattention 
and hyperactive/impulsive subscales (averaged across parent and teacher) as 
predictors for DCD-Q and GMO total scores as well as subscale scores of the DCD-Q 
to investigate whetherthe association between ADHD and different motorcoordination 
problems (fine motor problems, gross motor problems, general coordination 
problems, and control during movement problems) was similar for the inattentive and 
hyperactive/impulsive symptoms.
Because of non-normality of the independent variable we created quartiles based on 
inattention and hyperactive subscales of the Conners questionnaire instead of using 
the continuous Conners scores. To address the second research question, an ANOVA 
was performed with diagnosis (2 levels: ADHD vs. control) as between subjects 
variable, age as covariate, and the total GMO and DCD-Q scores as dependent 
measures. Also, the interaction between diagnosis and age was implemented into the 
model, in order to investigate whether group differences would attenuate with age. 
Finally, an ANOVA was used with both diagnosis and gender as between subjects 
variables and the total scores of the DCD-Q and GMO as dependent measures. The 
interaction between diagnosis and gender was implemented into the model, to test 
whether the effect of gender on motor performance was comparable across 
diagnoses.
Results
A total of 486 children (375 boys, 111 girls) with ADHD (337 index patients and 149 
affected siblings) were included in the study, as were 269 control children (108 boys, 
161 girls, from 147 families). Table 1 shows demographics.
Of the children with ADHD, 364 had DCD-Q data available, as had 267 control 
children. For the GMO data were available of 459 ADHD-affected participants and 
247 controls. Both scales were available for 335 patients and 246 controls. Raw 
scores (mean ± SD) forthe Conners’ ADHD scales and the two motor scales, DCD-Q 
and GMO, are presented in Table 1 according to gender.
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Table 1 Demographics and raw scores on ADHD rating scales and motor 
scales
ADHD (n=486) Control (n=269)
Females Males Females Males
N 111 375 161 108
ADHD Diagnosis
Inattentive 18.0% 5.6 %
Hyperact.-Impuls. 10.8 % 3.2 %
Combined 71.1 % 91.2 %
Age mean SD mean SD mean SD mean SD
11.7 3.3 11.6 3.0 11.2 3.0 11.6 2.7
ADHD
Conners’ parent
Conners’ teacher
DCD-Q
Total scores
Subscales
control
fine
gross
coordination
GMO
76.0 13.5 73.5 9.1 46.3 4.4 46.3 4.4
70.0 14.4 67.4 9.3 46.9 3.7 45.4 5.1
55.2 10.7 54.9 11.9 72.0 9.5 66.9
16.0 4.1 17.7 5.5 24.6 5.1 23.4 5.6
9.9 2.6 9.2 3.3 17.9 2.9 15.4 3.7
12.1 3.2 12.2 3.2 15.8 2.9 14.8 3.2
7.2 2.7 7.3 2.6 13.8 1.7 13.1 2.3
Total scores 28.3 10.8 33.3 12.0 20.4 5.2 23.9
Motor-affected % % % %
DCD-Q:
Cut off at p10
29.4 33.0 1.9 8.3
GMO:
Cut off at p15
29.2 34.0 7.3 9.2
DCD-Q and GMO 16.3 17.3 0.7 3.1
Motor variables, as measured by the DCD-Q and GMO, correlated significantly with 
each other on all subscales (as shown in Table 2). These correlations suggested that
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both questionnaires tapped comparable aspects of motor functioning, yet were 
distinct enough to be valuable as separate measures. Using established cut-off 
points (< 10th percentile on the DCD-Q motor scale, and <15th percentile on the 
GMO), 33-34% of all boys and 29% of all girls with ADHD were affected according to 
one of both scales (Table 1). Eighty-six percent of children who were reported to be 
nonaffected by their parents were also nonaffected according to their teachers.
Table 2 Correlations between motor variables
GMO
total
DCD-Q
total
DCD
fine
DCD
gross
DCD
coord.
DCD
control
GMO total 1 0.54 0.51 0.35 0.48 0.37
DCD-Q total 1 0.83 0.68 0.76 0.85
DCD fine 1 0.38 0.59 0.57
DCD gross 1 0.51 0.44
DCD coord. 1 0.43
DCD control 1
Note: DCD-Q = Developmental Coordination Disorder Questionnaire, GMO = Groninger Motoriek 
Obeservatielijst (mirrored). All correlations were significant p < 0.01; fine=fine motor control, gross= 
gross motor control, coord. = general coordination, control = control during movement
A ssoc ia tion  o f ina ttentive  and hyperactive /im pu ls ive  sym ptom s of 
ADHD w ith  m otor coord ina tion  problem s
A significant effect of diagnosis on the total scores of the DCD-Q and GMO was 
observed (F(1,581)= 9.53, p=0.002 and F(1,581)=42.11, p<0.001, respectively). 
Children with ADHD had significantly more motor coordination problems than controls. 
Analysis of ADHD inattention and hyperactive/impulsive subscales (averaged across 
Conners’ parents and teachers) showed that high scores on the inattention scale were 
significantly predictive for all motor coordination problems assessed by the two motor 
scales. Hyperactive/impulsive symptoms only related to fine motor problems and 
coordination assessed by the DCD-Q (Table 3). Conners’ total scores predicted all 
motor scores significantly (Total predictiveness, Table 3). Fine motor problems and 
problems in general coordination as measured by the DCD-Q as well as the GMO 
scores were predicted by Conners’ total scores especially well.
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Table 3 Inattention and Hyperactivity/Impulsivity as Predictors of Motor Problems
Inattention Hyperactivity/
Impulsivity
Total Predictiveness/ 
Shared variability
t P t P F P R°-
)CD-Q Total Score -5.50 <.001 -1.66 .10 58.98 <.001 .17
Subscale Fine -5.23 <.001 -2.16 .03 61.35 <.001 .19
Subscale Gross -2.33 .02 -.39 .70 8.68 <.001 .03
Subscale Coordination -5.20 <.001 -2.28 .02 64.47 <.001 .19
Subscale Control -3.45 .001 -.28 .78 16.68 <.001 .06
jMO Total Score -7.49 <.001 -1.19 .23 88.63 <.001 .19
DCD-Q = Developmental Coordination Disorder Questionnaire, GMO = Groninger Motor 
Observation -scale; Fine = Fine motor control; Gross = Gross motor control; Coordination =
General coordination; Control = Control during movement.
A ssocia tion  ADHD and m otor coord ina tion  p rob lem s at d iffe ren t ages
A significant main effect of age was found for the DCD-Q (F(1,581)=5.66, p=0.02), in 
which older children were reported to have less motor coordination problems than 
younger children. A significant interaction between diagnosis and age was present 
for the GMO (F(1,581 )=8.19, p=0.004), but not for the DCD-Q (F(1,581)=0.73, 
p=0.40). For the scores on the GMO, this indicated that younger children with ADHD 
deviated more from controls than older children with ADHD did (see Fig. 1).
A ssocia tion  ADHD and m otor coord ina tion  p rob lem s across gender
Gender affected motor performance rated on the GMO (F(1,583)=30.00, pcO.OOl), 
in which boys had more motor coordination problems than girls. For the DCD-Q, 
gender affected motor performance as well (F(1,583) =7.44, p=0.007) and there was 
an almost significant interaction between diagnosis and gender (F(1,583)=3.79, 
p=0.05), indicating that the difference between children with ADHD and controls 
might not be comparable for girls and boys. It appeared that normal girls had less 
motor coordination problems than normal boys on the DCD-Q (F(1,245)=11.46, 
p=0.001), whereas girls with ADHD had similar motor coordination problems as boys 
with ADHD (F(1,338) = 0.30, p=0.59). No interaction effect was found for the GMO 
(F(1,583) = 0.05, p=0.82) (see Fig. 2).
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Figure 1 Motor Problems as Assessed with the DCD-Q (Parents, panel A) and GMO 
(Teachers, panel B) in Children with ADHD and Controls from age 5 to 19. 
Total scores on both questionnaires indicate that controls perform better than 
ADHD-affected children at all ages. Furthermore, children with ADHD improve 
somewhat with age according to the teachers (GMO), but not according to the 
parents (DCD-Q).
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Figure 2 Motor Problems as Assessed with the DCD-Q (Parents, panel A) and the
GMO (Teachers, panel B) in Children with ADHD and Controls across Gender. 
Gender affects motor performance rated on the DCD-Q and GMO with boys 
having more motor problems than girls. On the DCD-Q, normal girls have 
less motor problems than normal boys, whereas girls with ADHD have similar 
motor problems as boys with ADHD.
ADHD Control ADHD Control
Discussion
The present study sought to extend our knowledge about the association of ADHD 
and motor coordination problems. Our results confirm previous research 
demonstrating a consistent relationship between ADHD and poor motor performance 
with high levels of motor coordination problems in ADHD. The converse is also true: 
others have found increased levels of ADHD in children previously diagnosed with 
DCD (Kadesjo and Gillberg 1999). The question is whether motor coordination 
problems should be called a comorbidity of ADHD, or rather are to be viewed as a 
co-occurrent phenomenon. In a recent article on comorbidity of tic disorders and 
ADHD the authors provide a comprehensive review of various possible models of 
comorbidity, that can be generalized to other psychiatric disorders (Banaschewski et 
al. 2007). In these models, comorbidity might be due to symptomatic phenocopy, in
60
MOTOR COORDINATION IN ADHD, AGE AND GENDER
which one disorder is mistaken for the other due to overlap in the diagnostic criteria, 
or causes symptoms of the other. Secondly, a common etiology might lead to 
comorbidity with both disorders simply being alternative expressions of the biological 
or genetic deficit. A third possibility is that the co-occurrence of both disorders really 
reflects a disorder with an independent nosology. Last but not least, two disorders 
might show “true” comorbidity, meaning that one increases the risk for the other or 
that they share common or overlapping risk factors.
In the case of ADHD and motor coordination problems published data (Martin et al. 
2006) as well as our own preliminary data (Fliers et al. in preparation) point into the 
direction of an overlapping etiology, with a strong shared heritability as well as unique 
contributors. In that case, motor coordination problems in ADHD should be viewed 
as a "true” comorbidity. However, it is too early to decide in this issue, yet.
On the level of the brain the coexistence of the disorders could reflect manifestations 
of a shared genetically determined disturbed dopamine pathway. The two disorders 
might share neural substrates and/or functional alterations of these substrates, for 
example in the basal ganglia, the prefrontal cortex and their connecting loops. Also 
the role of lateralization and interaction between the two hemispheres has to be taken 
into consideration regarding ADHD and motor coordination problems (Roessner et 
al. 2004).
The overall percentage of children with motor coordination problems in our study 
(34% in boys, 29% in girls) is lower than that found in previous studies from Sweden, 
Canada, and Australia, that described about 50% motor affected children (Kadesjo 
and Gillberg 1998; Dewey et al. 2002; Pitcher et al. 2003). This may be due to sampling 
issues, since we excluded children with neonatal problems leading to neurological 
conditions, given the context of our genetic study. Other reasons may be the use of 
questionnaires, only, and the fact that we used the 10th percentile as cut-off on the 
DCD-Q, whereas other studies have used the less strict 15th percentile.
Our first research question focused on the association between the various types of 
motor coordination problems and inattentive versus hyperactive/impulsive symptoms 
of ADHD. Scores on the Conners’ scales, averaged across parents and teachers, 
were strong predictors of the GMO and DCD-Q total scores, as well as all DCD-Q 
subscales (fine motor control, gross motor control, general coordination and control 
during movement). Separating the effect of inattentive from hyperactive/impulsive 
symptoms in the regression models, inattentive rather than hyperactive/impulsive 
symptoms were found to be related to the DCD-Q total score and to its subscales.
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This finding could possibly help to end controversies of earlier studies. It supports 
theoretical models that emphasize deficits in information processing as the core 
problems underlying both ADHD and DCD (Sergeant et al. 2006). It raises the 
question whether the combination of ADHD-inattentive subtype plus motor 
coordination problems constitutes a biologically distinct subtype, as could be the 
case for ADHD plus Conduct Disorder (Banaschewski et al. 2003). Using stratification 
of ADHD according to comorbidity might help to identify biologically meaningful 
diagnostic subtypes or endophenotypes useful in genetic studies (Banaschewski et 
al. 2007).
The second question was whether the association between ADHD and motor 
coordination problems is comparable for children of different ages. We found a 
significant effect of age on the presence of motor coordination problems, with older 
children having less reported motor coordination problems than younger ones. This 
age effect was similar for ADHD and control children as observed by parents. In 
contrast, teacher reports using the GMO indicated that the improvement of motor 
coordination problems over age was stronger in children with ADHD than in controls. 
This discrepancy between parents and teachers may be explained by characteristics 
of the GMO, since this instrument does differentiate less well between average and 
good motor performance (Dellen van et al. 1990). Further, situational factors and 
informant perspectives may play a role. Overall, however, adolescents with ADHD 
appeared to be as severely affected with motor coordination problems as younger 
children with ADHD, compared to healthy controls of the same age. This indicates 
that deviance, rather than delay, characterizes the development of co-existing motor 
coordination problems over age in ADHD. This is contrary to older views but in 
accordance with more recent evidence of the (partial) persistence of structural brain 
abnormalities (Hall 1988; Castellanos et al. 2002; Shaw 2007).
The third question on effects of gender revealed that according to parents, boys and 
girls with ADHD were comparably affected in their motor skills. Teachers, however, 
indicated that boys with ADHD were more severely impaired in their motor skills than 
girls, which is in accordance with the literature (Gillberg and Kadesjo 2003). Girls with 
ADHD deviate more from control girls than boys with ADHD deviate from control boys 
in the view of their parents. This finding needs further attention but implies that the 
clinical impairment of girls with ADHD and co-occurring DCD should not be 
underestimated.
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Strengths and possib le  lim ita tions o f the study
Our results should be Interpreted In the context of the strengths and limitations of the 
study. Strengths are the large sample size, the careful approach to diagnose ADHD 
and the broad age range. Possible limitations are the use of questionnaire data and 
the absence of objective motor tests or assessments of motor functioning by 
experienced clinicians. Therefore we were not entitled to label our motoraffected 
children as suffering from "DCD”. As yet there Is no gold standard of assessment 
Instruments to diagnose DCD, although the Movement Assessment Battery for 
Children (M-ABC) Is the most widely used assessment to Identify DCD (Polatajko and 
Cantln 2005). Using validated questionnaires does give a good Indication of 
suspected DCD but does not lead to an official diagnosis of DCD. Using questionnaires 
however does allow Investigating a much larger sample of children. The DCD-Q was 
recently validated In a community sample of Dutch children from 4 to 12 years old 
and showed the same cut off scores as the original Canadian validation study (Wilson 
et al. 2000; Schoemaker et al. 2006). The DCD-Q Is known to be a reliable Instrument 
to exclude motor coordination problems In a normal population (Crawford etal. 2001). 
Recently, the DCD-Q was also used In an ADHD population (Schoemaker et al. 2005), 
where It was able to detect motor coordination problems In a clinical group of ADHD 
children. However, an official validation of the DCD-Q In an ADHD population has not 
been performed to our knowledge. A study concerning this topic Is underway (Fliers 
et al. In preparation).
Another limitation of our study Is the cross-sectional design. Studying age effects 
should Ideally be complemented by prospective longitudinal measurements of motor 
functioning In children with ADHD. Furthermore, since our study was designed as a 
sib pair study, more than one child was Included In more than half of the families. The 
non-lndependency of these data did not appear to be a problem In addressing the 
research questions In this particular study, as It was meant to be a descriptive report 
of the prevalence of motor coordination problems In children with ADHD. We repeated 
the analyses with only one affected child per family, which gave essentially the same 
results, though with less power. Another possible limitation Is the fact that boys were 
overrepresented In the ADHD group, compared to the control group. This had to do 
with the fact that ADHD Is more frequently diagnosed In boys, and healthy girls were 
more willing to participate In the control group of our study than healthy boys.
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C lin ica l im p lica tions
The high rate of motor coordination problems in children and adolescents with ADHD 
compared to control children has clinical consequences. Poor motor performance is 
highly related to low self-esteem, to higher levels of anxiety and to poor social 
functioning (Skinner and Piek 2001; Cummins et al. 2005). Also, recent findings 
describe a higher risk of obesity and vascular disease in adolescents with DCD 
(Cairney et al. 2005). This risk is attributable to their physically less active life style. 
Recently, interventions for motor coordination problems were reviewed (Wilson 2005). 
It seems that especially the child-centred and task-oriented methods that include 
cognitive components are useful therapies (Schoemaker et al. 2003; Polatajko and 
Cantin 2005; Niemeijer et al. 2007; Sugden 2007). Clinicians diagnosing and treating 
children and adolescents with ADHD should additionally assess whether motor 
coordination problems are present, and offer those with ADHD and co-existing motor 
coordination problems evidence-based interventions.
Conclusion
The present study adds to the evidence that ADHD and motor coordination problems 
are closely related, both in boys and girls, and both in younger and older children. 
The overlap of ADHD and motor coordination problems could be understood as the 
result of an aberrant brain development, probably affecting complex neuronal 
networks. Given preliminary evidence for a shared genetic background future 
research on this issue should be directed to finding factors that underlie both 
conditions, both genetic as well as environmental. A better understanding of the 
pathophysiology would have implications for prevention and treatment of these 
conditions that are so disturbing to children in daily life.
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Abstract
O bjective
Children with Attention Deficit Hyperactivity Disorder (ADHD) frequently experience 
comorbid motor problems, Developmental Coordination Disorder (DCD). Also, 
children with ADHD are said to overestimate their abilities in the cognitive and 
social domain, the so-called "Positive Illusory Bias”. In this cross sectional study 
the relationship between actual motor performance and perceived motor 
competence was examined.
Method
Motor performance was assessed using the Movement Assessment Battery for 
Children (MABC) in 100 children and adolescents (age 6-17 years), including 32 
children with ADHD combined-type, 18 unaffected siblings and 50 healthy control 
children. ADHD was diagnosed using Parent and Teacher questionnaires and a 
clinical interview. Perceived motor competence and interest in the motor domain 
was rated with the Dutch supplement scale to Harters’ Self-Perception Profile for 
Children, especially focusing on the motor domain (mCBSK).
Results
Children with ADHD had poorer motor performance than unaffected siblings and 
control children, especially in the field of manual dexterity. However, no relationship 
was found between motor performance and perceived motor competence. Only 
children with the very lowest motor performance had a significantly lowered 
perception of their motor competence. Interest in the motor domain and motor 
self-perception were positively correlated.
C onclusion
Children with ADHD performed poorer on the MABC, but generally overestimated 
their own motor competence.
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Although many children with Attention Deficit Hyperactivity Disorder (ADHD) 
experience motor difficulties, little Is known about motor development In these 
patients.13 Potential factors underlying motor problems In ADHD are a lack of 
physical skill due to lack of experience, poor social skills leading to less 
opportunities to engage In free play and sports, Inability to regulate play and 
sports, an Impaired sense of time, lack of motivation and problems with timing, 
fundamental to motor coordination.4 Possible etlologlc factors Include genetic 
factors which may be shared between ADHD and motor problems.5 6
In childhood and adolescence the fundamental motor skill level of Individuals Is 
related to the extent of their habitual physical activity, and, vice versa, their 
physical activity level Is positively related to their actual motor competence.7 
Perceived motor competence or Individual motor self-perception Is the degree to 
which people perceive themselves as being athletic and good at sports and 
athletic activities.8 9 The way In which people perceive their own motor competence 
may become more positive If the person Is also Interested In that specific domain. 
Therefore the assumption Is justified that perceived motor competence, the 
Interest In the motor domain and motor performance are positively related. This 
assumption also Is the philosophy behind Harter’s Self-Perception Profile for 
Children (SPPC).10 It supports a relationship between self-perception, self-esteem 
and global self-worth on measures of scholastic competence, athletic ability, 
physical appearance, social acceptance and behavioral conduct, with athletic 
skills and physical appearance contributing significantly to the self-worth of 
typically developing children.
Children with motor difficulties like Developmental Coordination Disorder (DCD) 
tend to show lower perceived motor competence. These children generally are 
realistic about their physical abilities.4' 11 12 Children with Attention Deficit 
Hyperactivity Disorder (ADHD) experience comorbld DCD In 30% to 50% of 
cases.1' 13' 14 Little Is known about the motor self-perception In this group of 
children. In studies of general self-perception In children with ADHD, some found 
lowered self-perception whereas others found no differences compared to 
controls.15 Barber and colleagues compared self-perception of children with and 
without ADHD. The ADHD group scored significantly lower on an overall score 
and on the behavioral conduct subscale compared to children without ADHD.
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However, on the athletic competence subscale, the ADHD children did not differ 
from their non-ADHD-affected peers. Not all studies however used a criterion or 
an actual measure of performance as the basis for comparing objectively 
measured and self-perceived competence. In studies in which an actual level of 
performance was known, inflated self-perception was found. The children with 
ADHD tended to overestimate themselves in scholastic, social and behavioral 
domains, relative to a teacher-rated criterion.16'17
In summary, the literature on self-perception in ADHD is inconclusive, and little is 
known about the motor domain. The main goal of this study was to explore the 
relationship between actual motor performance level and perceived motor 
competence in children with ADHD, their unaffected siblings and healthy controls. 
Healthy controls were included next to non-ADHD-affected siblings to make sure 
that familial factors in self-perception did not bias the results.
Method
Partic ipants
A total of 103 children (mean age 10 years; SD 1.9 years) participated in the study. 
Local ethics review boards in The Netherlands approved the study. Parents 
provided written informed consent for their children less than 12 years old; children 
aged 12 and older gave written informed consent themselves, in addition to their 
parents.
Participants with ADHD and their siblings were recruited from a sample of families 
who participated in the International Multi-centre ADHD Genetics (IMAGE) 
project.18'19 These families have at least two biological children participating in the 
study, at least one of them suffering from ADHD (probands). Thirty-two families 
randomly chosen were approached to participate by their physician. Twenty-five 
of these families participated. The families had 33 children with ADHD, as well as 
19 unaffected siblings participating. The control children (n =  51) were recruited 
from two elementary schools in Drenthe, The Netherlands, and were unrelated. 
Children with IQ<70 were excluded from the study. None of the children suffered 
from known genetic syndromes (Down, Turner, Fragile-X), brain injuries, autism, 
epilepsy or a physical disability.
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Materials
ADHD m easures
Screening questionnaires (parent and teacher Conners’ long version rating scales 
and parent and teacher Strengths and Difficulties Questionnaires (SDQ)20'21 were 
used to screen children for ADHD symptoms. T-scores > 63 on the Conners 
ADHD-subscales (L for inattention, M for hyperactive-impulsive and N for total 
scores) and scores > 90th percentile on the SDQ-hyperactivity scale were 
considered as clinical. Children who scored in the clinical range were subsequently 
invited for a complete diagnostic procedure. During a hospital visit, a semi-struc- 
tured, standardized, investigator-based interview, the Parental Account of 
Children’s Symptoms (PACS) 22 was administered. The PACS covers DSM-IV 
symptoms of ADHD, conduct disorder, oppositional defiant disorder, anxiety, 
mood, and other internalizing disorders. The section on autistic behavior traits 
was administered, if a clinical score (raw score > 15) was obtained on the Social 
Communication Questionnaire.23 A standardized algorithm was applied to the 
PACS to derive each of the 18 DSM-IV ADHD symptoms, providing operational 
definitions for each behavioral symptom. These were combined with items that 
were scored 2 (‘pretty much true’) or 3 (Very much true’) on the teacher-rated 
Conners ADHD subscales (L, M and N) to generate the total number of hyperac- 
tive-impulsive and inattentive symptoms of the DSM-IV symptom list. Situational 
pervasiveness was defined as at least one symptom occurring within two or more 
different situations as indicated by the parents in the PACS interview, as well as 
the teachers’ Conners questionnaire. The procedure used to establish the ADHD 
diagnosis in this study is described in more detail elsewhere.18'19
M otor perform ance m easures
To test the motor performance level, all children completed the Movement 
Assessment Battery for Children (MABC) in a second hospital visit.24 The MABC 
is an age-appropriate standardized and valid motor performance test to measure 
the motor abilities of a child and is used worldwide to detect motor performance 
problems in clinical populations.25 27 In 1998 the MABC was translated into Dutch 
and validated for the Dutch population. The Dutch version was used in the current 
study.2,8 The MABC includes motor tasks related to functioning in daily life, and the 
manual provides normative data for children aged 4 to 12 years. The MABC is
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divided into four age bands. Each band contains 8 motor tasks, suitable for a 
restricted age group of children: age band I for 4 to 6 years, age band II for 7 to 8 
years, age band III for 9 to 10 years, and age band IV for 11 to 12 years. 
The children older than 12 years (n 11) were tested with age band IV. Each age 
band is identical in structure and contains eight items, divided into three sections: 
manual dexterity (3 items), ball skills (2 items), and static and dynamic balance 
(3 items). There are two sorts of tasks at each item level: time-related (scored in 
seconds) and error-related (scored by number of ‘good’ attempts). The aim of the 
test is to assess children’s motor performance level; therefore the tester ascertains 
that the child has understood the task before commencing. The raw score of the 
best attempt on each item is converted into a scaled score. The way this is done 
varies from task to task, but is well described in the test manual. Scaled interval 
scores for each item are provided: 0=good and 5=very poor. Some items are 
performed by both the preferred and non-preferred hand (or feet); the child’s 
scores for both hands (or feet) are added up and then divided by two. Summing 
the item scores into three section scores produces a profile of the child’s 
performance. The section score for manual dexterity will vary from 0 to 15, the 
section score for ball skills from 0 to 10, and that for static and dynamic balance 
from 0 to 15. These three section scores are then summed again to produce a 
Total Motor Impairment score, ranging from 0 to 40. High scores on the MABC 
represent poor performance. The raw scores of the three sections and the raw 
Total Impairment Score can be converted into age-related percentile scores, with 
a typical cut-off score of < 15th percentile or < 5th percentile. All participants were 
classified into three categories according to their MABC Total Impairment Scores: 
1. Total Impairment Score >15th percentile: acceptable performance; 2. 
Total Impairment Score between 5 and 10th percentile: borderline performance; 
and 3. Total Impairment Score < 5th percentile: motor problems conform DCD. 
The MABC has acceptable validity and reliability. 27
To test the motor competence level for children the supplement m-CBSK from the 
Dutch 'Competentiebelevingsschaal' for Children (CBSK) was used 2£:, a Dutch 
translation of Harter’s SPPC (10). This m-CBSK contains two different questionnai res: 
a motor self-perception questionnaire and a domain interest questionnaire. The 
motor self-perception questionnaire (17-items) is designed to measure children’s 
self-perception of their motor performance level. Physical activities are presented
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to the child and the child has to choose two times in a digitomized format. For 
example, a child is asked to choose from two alternatives the one that best describes 
himself such as “some kids are really good swimmers” or “other kids are not so 
good swimmers”. After choosing one of those two alternatives, he/she has to 
indicate whether the selected sentence was either “a little bit true for me” or “totally 
true for me”. The first question in the questionnaire is for practice and four 
“filter-items” are included to correct for socially desirable answers. These five 
questions are not calculated in the total score, so the final total score is based on 
12 questions, with higher scores indicating higher perception.
The domain interest questionnaire contains 10 items and is designed to measure 
the interest in five different domains, the ‘motor domain’, ‘cognitive domain’, 
‘social domain’, ‘appearance’ and ‘general behavior’. A four-point scale is used to 
score how important above mentioned domains are for the child. An example for 
a motor domain question is: “I think being good in sports is” ‘totally not 
important’(score 1), ‘actually not important’(2), ‘rather important’(3), or really 
important’(4).
Procedure
The same medical doctor examined all children and performed the ADHD 
measurements at the start of this study. Medication (methylphenidate in all 
medicated cases) was stopped one day prior to testing. The same trained 
investigator, a physical therapist, tested all children included in the study on the 
MABC. All children were tested in a quiet room. The investigator did not have prior 
information about the motor capacities of the children. All children completed the 
motor competence scale before the MABC test. The investigator gave an oral 
instruction how to complete the scale.
S ta tis tica l ana lysis
Questionnaires with four or more questions missing were excluded from statistical 
analysis (n =  1). When three or less questions were missing those missing scores 
were replaced by the mean score for that particular question (n =  3). Chi-square 
tests were used to test if the MABC scores in the three groups (ADHD children, 
siblings without ADHD and normal control children) differed from the expected 
distribution in the reference population in the manual. Because of non-normality
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of the MABC data and the CBSK data we applied a square root transformation, 
which reduced skewness and kurtosis.
Group differences were examined by a Linear Mixed Model, with diagnosis 
(3 levels: ADHD, siblings and controls) as between subjects variable, age as 
covariate, and the MABC Total Impairment Scores, subscale scores, total self 
perceived motor competence scores and domain interest scores as dependent 
measures. Linear Mixed Model was chosen to check for within-family correlation. 
The correlations between the MABC scores, the self-perceived motor competence 
scores and the interest in the motor domain score were calculated using Spearman 
correlation coefficients. We also explored whether these correlations were 
dependent on the MABC results. To this end, we used the three categories 
according to the MABC Total Impairment Scores as described above: 1. Total 
Impairment Score >15th percentile: normal; 2. Total Impairment Score between 5 
and 15th percentile: borderline; and 3. Total Impairment Score <5th percentile: 
motor problems conform DCD.
The statistical significance level was set at p < .05, and SPSS 14.0 was used for 
all statistical analyses.
Results
The 25 participating ADHD families had 33 children with ADHD as well as 19 
unaffected siblings (see Table 1). In addition, 51 control children from 51 families 
participated.
Actua l M otor Perform ance
One child from each of the three groups did not complete the MABC test, so 32 
ADHD-affected children (27 boys and 5 girls),18 unaffected siblings (8 boys and 
10 girls) and 50 control children (29 boys and 21 girls) were included in the 
analyses.
In the ADHD group, the mean Total Impairment scores differed significantly from 
the expected distribution of scores in the reference population (%2 = 74.23; p < .001; 
see Table 1). Thirty-four % of children with ADHD scored below the 5th and 63%
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Table 1 Demographics and Mean total scores and Standard Deviation (SD) on 
the Movement Assessment Battery for Children (MABC), the self­
perception questionnaire and the different sub-domains of the domain 
interest questionnaire in children with ADHD, siblings without ADHD and 
control children.
children with ADHD unaffected siblings controls
n = 32 n = 18 n = 50
mean (SD) mean (SD) mean (SD)
Age (years) 11.0(2.4) 10.2(2.3) 9.1 (0.3) 
Gender
boys 27 8 29
girls 5 10 21
MABC Total Score 11.8(7.2)* 8.2 (5.2)* 5.6 (3.0)*
subscale manual dexterity 5.3 (4.0)* 3.7 (2.9)* 3.1 (2.3)*
subscale ball skills 2.2 (2.3)* 1.4 (2.2) 0.6 (0.9)*
subscale balance 4.4 (3.3)* 3.1 (2.8) 1.9(1.5)*
Motor self-perception 36.7 (6.3) 35.9 (4.8) 35.4 (4.2)
Interest motor domain 6.1(1.7) 6.0(16) 5.7(15)
Interest cognitive domain 6.7(14) 7.2 (0.9) 7.3 (0.8)
Interest‘physical appearance’ 5.3(17) 5.7 (0.9) 5.8(12)
Interest social domain 5.2(1.6)* 6.0(10) 6.2(15)
Interest‘generally behavior’ 6.3(12) 6.5(10) 6.6(11)
* : significant differences between probands and siblings and/or controls
below the 15th percentile of the MABC (Figure 1). The mean Total Impairment 
Scores In the unaffected sibling group and In the control group did not differ 
significantly from the normal distribution (siblings = 4.74; p > .05; controls 
X  = 2.67; p > .05; Table 1). In the Linear Mixed Model a significant effect of
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diagnosis on the Total Impairment Score of the MABC was observed (F(2, 
87.6)=7.85, p = 0.001). Post hoc testing showed that children with ADHD differed 
significantly from their unaffected siblings and controls (p= 0.038 and p<.001, 
respectively). Unaffected siblings did not differ significantly from controls (p = 0.12).
Diagnosis had a significant effect on all three subscales of the MABC: manual 
dexterity (F(2, 85.0) =4.14, p =  0.019), ball skills (F(2, 86.8)=7.18, p = 0.001), and 
balance (F(2, 100)=3.98, p = 0.022). For manual dexterity, probands performed 
worse than both siblings (p = 0.019) and controls (p = 0.018). Siblings did not differ 
from controls (p = 0.83). However, for the other two subscales, non-affected 
siblings formed an Intermediate group, not differing significantly from probands 
(ball skills: p = 0.07; balance: p = 0.21) or controls (ball skills: p = 0.11; balance: 
p = 0.22). As expected, probands did differ from controls on both scales (ball 
skills: p<0.001; balance: p = 0.006).
Perceived m otor com petence
There was no significant effect of diagnosis on the self-perceived motor 
competence (F(2,88.0) = .02, p = 0.98). Moreover, there was no significant effect of 
diagnosis on the domain Interest scales, except for the social domain 
(F(2,79.1)=3.47, p = 0.036), where children with ADHD scored lower than siblings 
and controls. This means that the children with ADHD consider the social domain 
less Important than their siblings and control children.
MABC scores were not significantly correlated with the scores on the motor self­
perception questionnaire In the total group (r=0.169; p = 0.115). For the most 
motor-impaired children (Total Impairment Score > 13.5, corresponding to < 5th 
percentile on the MABC; n=13), the scores on the MABC were significantly 
correlated with self-perceived motor competence (r= -0.586; p = 0.035). The 
correlation between scores on the Interest In the motor domain and the 
self-perceived motor competence was significant (r= 0.445; p = 0.001). The Interest 
In the motor domain was not related to the actual motor performance level 
(p = 0.871).
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Discussion
In this study comparing actual and perceived motor performance In children with 
ADHD, their unaffected siblings and control children, actual motor performance 
was significantly poorer In children with ADHD compared to their siblings and 
healthy control children. A high percentage (63%) of the children with ADHD 
displayed motor difficulties. 34% of the ADHD-chlldren performed In the clinical 
DCD-range (Figure 1). Especially manual dexterity, which comprises fine motor 
abilities was affected. This Is In line with previous reports.1'429 However, self-perceived 
motor performance did not differ between groups, which Indicates an Inflated self­
perception In the children with ADHD. This Is congruent with a growing body of 
evidence that children with ADHD overestimate their own competence, a 
phenomenon known as Positive Illusory Bias.17 30 The causes and function of this 
phenomenon are unclear. Cognitive Immaturity, neuropsychological deficits, 
Ignorance and self-protection have been suggested as possible explanations.4 All 
of these suggestions make sense. Inflated self-perceptions may be seen as self­
protection, which helps children to cope with failure experiences. Evidence for this 
comes from a study In which ADHD-affected boys tended to overestimate their 
performance most In domains In which they were most Impaired.4'16 In the current 
study this was not the case: the most motor-impaired group of children (MABC 
scores < 5th percentile) was the only group In which the perceived competence and 
the actual performance were significantly related. A possible explanation for this Is 
that these children performed so poorly, that It could not be denied.
As mentioned before, many children with ADHD have comorbld DCD. In previous 
studies, this comorbidity was not always taken Into account. In the current study, 
the most motor-impaired children may be considered as suffering from both 
ADHD and DCD. Apparently In this group of children with serious motor 
performance problems, perceived motor competence Is Indeed reduced. This Is 
In line with previous reports about DCD and self-perceived competence.4'11 12 
As expected, the Interest of children In motor activities was related to their 
self-perceived motor competence level. However, the level of Interest was not 
related to their actual motor performance level. So, we did not find support for the 
hypothesis that more Interest Is related to an Increase In skill level e.g. as result of 
a higher participation.
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Remarkably this study also found lower motor performance concerning ball skills 
and balance In the siblings without ADHD. These siblings formed an Intermediate 
group between ADHD probands and healthy control children. This Is a further 
Indication for a shared underpinning of decreased motor performance and ADHD, 
which could be of genetic or shared familial origin.5'6
Our study should be viewed In the context of some strengths and limitations. 
A strong feature In this study Is the fact that all children, both ADHD and non-AD- 
HD-affected, were tested by the same trained tester (MdH), which avoided bias as 
result of Inter-lndlvldual tester differences. Moreover, there was an accurate 
diagnosis of ADHD with detailed and standardized procedures. A potential limitation 
comes from the fact we Investigated relatively small samples of children. Also, In 
the clinical group we had more boys, owing to the fact that In clinical samples 
ADHD shows an overrepresentation of boys. It has been proposed that the MABC 
may penalize children with attention problems with the consequence of false 
positive scores. We tried to overcome this problem by providing the child with clear 
and short Instructions In a structured quiet environment. Moreover, the tester started 
the test only If she was sure that the child really focused on the task.
Given the limitations of this study more In-depth studies are necessary to 
determine which personal child characteristics and factors In the physical and 
social environment are related to actual motor performance and perceived motor 
competence In a child.
Based on the findings In this study we conclude that children with ADHD perform 
poorer on the MABC. Especially manual dexterity Is affected. However, there Is no 
relationship between actual and self-perceived motor competence, except for 
children with ADHD and severe motor problems. Generally, children with ADHD 
overestimate their motor performance.
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CHAPTER 4
Abstract
Background
Motor problems occur In 30% to 50% of children with ADHD, and have a severe 
Impact on dally life. In clinical practice there seems to be little attention for this 
comorbidity with the possible consequence that these motor problems go 
undertreated.
Method
Clinical Interview and questionnaire survey of treatment by physical therapy and 
factors predicting treatment of motor problems In 235 children with ADHD and 
108 controls.
Results
Half of motor-affected children had received physical therapy. Treated children 
had more severe motor problems, and less frequently presented with comorbld 
anxiety and conduct disorder. Treated and untreated children were similar In age, 
and rated similarly on ADHD Inattentive and hyperactive-impulsive scales and 
parental socio-economic status.
C onclusion
Currently, undertreatment of motor problems In ADHD occurs. Behavioural factors 
play a role In referral and Intervention.
Key P ractitioner Message:
• ADHD and motor problems are frequently co-occurrlng.
• Only half of children with ADHD and motor problems receive physiotherapy 
treatment
• Health workers should be aware of the Impact of motor problems on the dally 
life of children with ADHD
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UNDERTREATMENT OF MOTOR PROBLEMS IN CHILDREN WITH ADHD
Introduction
The frequent co-occurrence of both motor problems and Attention Deficit 
Hyperactivity Disorder (ADHD) has received relatively little attention In research, 
compared to the attention for psychiatric comorbldltles like depression, autism, 
ODD and conduct disorder. Also In clinical practice there seems to be less 
attention for motor problems. Motor problems are usually not part of assessments 
for ADHD and are typically not Included In Intervention programs (Glllberg et al., 
2004; Glllberg & Kadesjo, 2003; Sergeant et al., 2006). Motor problems, often 
referred to as Developmental Coordination Disorder (DCD), occur In 30% to 50% 
of children with ADHD (Fliers et al., 2008; Magalhaes et al., 2006; Polatajko & 
Cantln, 2005; Vlsser, 2003). Motor problems have a severe Impact on children’s 
dally life, and are a strong predictor of a child’s popularity and self-esteem 
(Skinner & Plek, 2001). Because of their core symptoms of Inattention, Impulslvlty 
and hyperactivity, children with ADHD usually are among the least popular 
children In their class (Hoza, 2007; Mrug et al., 2007). Motor problems causing 
difficulties In, for example, riding a bicycle, dressing, tying shoelaces or causing 
poor handwriting and sports abilities, further reduce their social participation and 
make them even more disadvantaged.
Many studies have conclusively shown that physical therapy of motor problems, 
especially child-centred, task-oriented approaches, can ameliorate motor disability 
and thus quality of life (Sangster et al., 2005; Schoemaker et al., 2003; Sugden & 
Chambers, 2007; Watemberg et al., 2007; Wilson, 2005). Interventions can be 
delivered by physical therapists, which Is usual In The Netherlands, or occupational 
therapists. Also, parents and teachers can be Instructed to manage motor problems, 
which maybe helpful In case of limited professional resources (Sugden & Chambers, 
2003). However, since the presence of motor problems often goes unassessed, 
children may not get access to any of these treatment options.
In the current study, we examined If we could substantiate the clinical Impression 
that motor problems receive too little attention In the treatment of ADHD comorbld 
disorders. Our main goal was to Investigate In a well-diagnosed sample of children 
with combined subtype ADHD how many and which children were treated for 
motor problems, currently or In the past. We Investigated as secondary goals If
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treated and untreated children differed in age, gender, motor scores, ADHD 
inattentive and hyperactive-impulsive symptoms scores, comorbidity with other 
conditions (anxiety disorder, mood disorders, oppositional defiant disorder, 
conduct disorder) and socio-economic status of parents, in order to predict 
actual treatment administration.
Methods
Participants:
Participants with ADHD were recruited as part of the International Multicenter 
ADHD Genetics (IMAGE) study (Brookes et al., 2006; Kuntsi et al., 2006). Children 
came from paediatric and child psychiatric services, and through advertisements 
in the magazine and on the website of the Dutch Parents Association of children 
with ADHD. Participants, all of them previously evaluated by a paediatrician, 
neurologist or child psychiatrist, were reassessed for ADHD. Probands had to 
fulfil clinical criteria for DSM-IV combined subtype of ADHD, be 5 to 18 years old, 
live at home, and attend primary or high school. Exclusion criteria were IQ<70, 
known genetic syndromes (Down, Turner, Fragile-X), autism, neurological 
conditions such as brain disorders and epilepsy currently or in the past.
Control children were recruited from elementary schools and high schools in The 
Netherlands. Principals were contacted by mail seeking permission to ask the 
parents to participate. Parents who gave permission received questionnaires by 
mail. Control children had to obtain non-clinical scores on both the parent and 
teacher version of the Conners long version rating scales (Conners’-N-scale: 
T-score < 62) to rule out ADHD.
In 235 Dutch ADHD families additional information was gathered regarding motor 
performance and from these families one child with ADHD was included in the 
study, as were 108 unrelated control children (see Table 1 for demographics). 
Regional Ethics Review Boards in The Netherlands approved the study. Parents 
provided written informed consent for their children under 12 years old; children 
aged 12 and older gave written informed consent themselves in addition to their 
parents.
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Instrum ents:
Screening questionnaires (parent and teacher Conners’ long version rating scales 
(Conners, 2003) and parent and teacher Strengths and Difficulties Questionnaires 
(SDQ (Goodman, 1997)) were used to reassess children with ADHD. T-scores > 
63 on the Conners ADHD-subscales, inattentive (L), hyperactive-impulsive (M) 
and total scores (N), and scores > 90th percentile on the SDQ-hyperactivity scale 
were considered as clinically significant. The Parental Account of Children’s 
Symptoms (PACS), a semi-structured, standardized, investigator-based interview 
(Taylor et al., 1986), was administered to all children scoring clinically on any of 
the questionnaires at a subsequent hospital visit for further assessment. 
A standardised algorithm was applied to the PACS to derive each of the 18 DSM-IV 
ADHD symptoms, providing operational definitions for each behavioural symptom. 
These were combined with items that were scored 2 (pretty much true’) or 3 
(Very much true’) in the teacher-rated Conners ADHD subscales (L, M and N) to 
generate the total number of hyperactive-impulsive and inattentive symptoms of 
the DSM-IV symptom list. Comorbidities were diagnosed according to the PACS 
interview, which covers DSM-IV symptoms of Mood Disorder, Anxiety Disorder, 
Oppositional Defiant Disorder and Conduct Disorder. A more elaborate description 
of the instruments used can be found elsewhere (Fliers et al., 2008; Kuntsi et al., 
2006; Schoemaker et al., 2003).
To detect possible motor difficulties the Developmental Coordination Disorder 
Questionnaire (DCD-Q), was completed by parents, and the ‘Groningen Motoriek 
Observatieschaal’ (Groningen Motor Observation scale, GMO), was completed 
by teachers. The DCD-Q, developed in Canada by Wilson et al. identifies children 
with motor problems in daily life and was recently translated and validated 
(Schoemaker et al., 2006; Wilson et al., 2000). The internal consistency of the 
questionnaire is high (alpha=.88). It contains 17 items. The summary score varies 
from 17 to 85, with low scores representing poor performance. For each item, 
parents are asked to compare the degree of coordination of their child with that of 
other children of the same age, and to rate it on a 5-point scale, ranging from “not 
at all like this child,” to “extremely like this child”. There are 4 subscales: motor 
control in motion, fine motor control/handwriting, gross motor control/planning 
and general coordination. Cut-offs indicate the presence of motor problems, 
suspected motor problems and no motor problems, for scores lower than the 10th
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percentile, between the 10th to the 25th percentile and above the 25th percentile of 
normal controls, respectively. In this study, the cut-off at the 10th percentile was 
used to indicate motor impairment. The GMO, developed in The Netherlands, is 
an observation checklist to be completed by teachers (Dellen van et al., 1990). It 
contains 18 items to be scored on a 4-point scale, ranging from “not at all like this 
child” to “like this child”. The total score varies from 18 to 72. High scores on the 
GMO indicate poor performance. The cut-off scores indicating the presence of 
motor problems, suspected motor problems or no motor problems are age and 
gender dependent. A score below the 15th percentile was used as the cut-off in 
this study to indicate motor impairment.
The parental socio-economic status was based on information concerning 
parents’ professions, gathered during the PACS interview. Professions were 
categorized into five levels, from manual labor to academic work.
A questionnaire concerning physical domains was designed for this study. This 
questionnaire was completed by parents and contains 36 questions concerning 
development, motor milestones, sleep habits, infections, hospital admissions, 
medication and use of facilities like physical therapy. The question evaluated in 
this study was posed as follows: “was your child ever treated for motor problems 
by physical therapy, now or in the past?”
Statis tics:
Imputation using the mean of the list was performed in case a questionnaire 
(DCD-Q or GMO) had missing items, with the restriction of five missing items. 
This was done for 7% of the children with ADHD and 3% of the control children for 
the DCD-Q and for 16% of the children with ADHD and 10% of the control children 
for the GMO. Exploratory analysis was used to classify children as having motor 
problems. In children with motor problems, the frequency of treatment by physical 
therapy was computed. The two groups (ADHD receiving physical therapy versus 
ADHD without receiving physical therapy) were compared using a MANOVA. 
Total motor scores on DCD-Q and its motor subscales, GMO motor scores, ADHD 
inattentive and hyperactive-impulsive scores were dependent variables and age 
was entered into the model as a covariate. Comparison of proportions was 
performed using Chi square regarding dichotomous comorbidity (anxiety disorder,
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mood disorders, oppositional defiant disorder, conduct disorder) and socio­
economic status of parents. Outcomes were calculated separately for parents 
and teacher reports of motor problems. Logistic regression analysis was used to 
examine which variables predicted treatment in a multivariate model. 
A p-value of <0.05 was used to indicate statistical significance. All statistic 
analyses were carried out with SPSS (version 14.0; SPSS, Inc.2005).
Table 1 Summary statistics of children with ADHD and control children
Children with ADHD
N or mean + SD
Control children
N or mean + SD
Total 235 108
Boys 204 45
Girls 31 63
Age (years) 11.6 2.7 11.5 3.2
Conners (clinical cut-off >62)
Conners parents 
total score
75.9 9.0 46.0 4.6
Conners teachers 
total score
68.9 9.9 46.9 5.1
Motor affected
According to parents 
(DCD-Q)
82 (34.9%) 4 (3.7%)
According to teachers 
(GMO)
85 (38.5%) 9 (9.5%)
Comorbidities
Mood Disorder 45
Anxiety Disorder 126
Oppositional Defiant Disorder 128
Conduct Disorder 46
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Table 2 Differences in motor-treated versus motor-untreated children 
with ADHD
ADHD ADHD P value
+ motor treatment - motor treatment
n 98 137
DCD-Q
(range 17-85)
Total score 49.7 57.5 <0.001
subscales:
fine 10.0 12.1 <0.001
gross 13.1 13.8 0.130
control 18.1 22.0 <0.001
general coordination 8.3 9.8 0.001
GMO
(range 18-72)
Total score 37.3 31.7 0.008
Gender (% male) 86.7 86.9 0.977
Age (mean, years) 11.4 11.8 0.212
Conners scores
Teacher Inattentive 65.2 64.8 0.790
Teacher HI 70.0 68.9 0.697
Parent inattentive 71.1 69.8 0.363
Parent HI 77.2 79.0 0.273
Comorbidities
Mood disorder 23 22 0.151
Anxiety disorder 55 71 0.497
ODD 50 78 0.427
Conduct disorder 16 30 0.310
SES parents
Level 1 0% 0.8% 0.805
Level 2 14.3% 16.8%
Level 3 41.8% 38.2%
Level 4 18.7% 22.1%
Level 5 25.3% 22.1%
Hl=hyperactive-impulsive, ODD=oppositional defiant disorder, SES=socio-economic status
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Results
Table 1 presents the demographic and clinical characteristics of the 235 ADHD 
affected children and 108 control children Included In the study. Teacher’s GMO 
data were available for 221 (94%) of children with ADHD, and for all control 
children. Data on treatment were available for all children with ADHD and all 
control children. As reported previously, 38.5% and 34.9% of ADHD affected 
children had motor problems according to teachers and parents, respectively (for 
more details regarding prevalence see Fliers (2008)). Forty-five children showed 
Mood Disorder, 126 children Anxiety Disorder, 128 children Oppositional Defiant 
Disorder and 46 children Conduct Disorder as comorbldltles of ADHD.
Analyses in children with ADHD. The overall MANOVA showed a significant 
difference between groups ( F=3.19, df 194, p=0.001). Table 2 presents a 
comparison of children with ADHD who did and who did not receive physical 
therapy with p-values. All motor scores except for gross motor control differed 
significantly, with poorer scores In treated children. Other characteristics of 
treated and untreated children did not differ: age, gender, ADHD Inattentive and 
hyperactive-impulsive scores, comorbidity (anxiety disorder, mood disorders, 
oppositional defiant disorder, conduct disorder) and socio-economic status of 
parents were comparable.
Analyses in children with ADHD and motor affection. Children who had a motor 
disorder, according to the parent-rated DCD-Q, received physical therapy more 
often than children who were rated motor affected by their teachers (59.8% and 
45.6%, respectively, p<0.001, data not shown). In parent-rated motor affected 
children comorbld Conduct Disorder (CD) reduced the treatment percentage: 
43/66 children without CD were treated, versus 6/16 with CD (p=0.043). For anxiety 
disorder 23/32 children without anxiety were treated versus 26/50 with anxiety 
(p = 0.073). In a logistic regression model of parent-rated motor affected children 
with physical therapy as dependent variable and DCD-Q and GMO motor scores, 
anxiety and conduct disorder as predictors, only GMO scores predicted treatment 
(OR2.21,p=0.014, Cl-95%=1.18 - 4.14). This was similar for the teacher-rated motor 
affected children, here also only the GMO predicted treatment (OR 1.09, p=0.013, 
Cl-95%=1.02-1.17). When considering only those children that were considered
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motor affected by both parents and teachers (n=46, 39 boys and 7 girls), a group 
that may be more severely affected, we also analysed If the motor performance of 
treated children In this group (n=30) was significantly poorer than that of untreated 
children (n=16). This was not the case for the parent ratings (p = 0.457) but was true 
for the teacher ratings (p=0.010). In this group anxiety played a significant role: 
17/20 children without anxiety received physical therapy compared to 3/26 with 
anxiety (p=0.013). Logistic regression with physical therapy as dependent variable 
and GMO motor scores, anxiety and age as predictors showed that only the 
absence of comorbld anxiety disorder predicted treatment In this group of children 
(OR 6.32, p = 0.025, Cl-95%=1.26-31.86).
Discussion
Our study confirms the Impression that motorproblems of children with ADHD are 
a neglected area of clinical attention. Roughly only half of the children with ADHD 
and motor problems In our study had received physical therapy.
To our knowledge, the finding that especially behavioural factors play a role In referral 
and Intervention Is new. The presence of Anxiety Disorder and Conduct Disorder In 
motor affected ADHD children was associated with a lower likelihood of receiving 
treatment by physical therapy. This conforms to our expectation. If a child Is extremely 
disruptive, or very afraid, parents are probably less likely to expose It to physical 
therapy. Treatment will then be focussed more on behavioural Interventions.
We did not find any effects of severity of ADHD symptoms, age, or parental 
socioeconomic status on motor treatment status. Possibly, the severity of ADHD 
was not predictive as all of the children suffered from the most severe subtype of 
ADHD, due to strict Inclusion criteria of the study. The finding of socioeconomic 
status not predicting treatment could be due to the fact that In The Netherlands, 
every citizen Is Insured for physical therapy by means of National Health Insurance, 
which means that parents do not have to pay extra to use this service.
Children rated by their parents as motor affected were treated more often than 
children rated motor affected by their teachers. It seems plausible that parents
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seek help earlier, If they themselves notice problems In their children. Still, 
teachers can be expected to detect motor problems accurately, since they can 
compare children to a larger reference group than parents. This finding may point 
to a lack of communication on this subject between teacher and parents.
An Interesting Issue Is whether motor problems are also undertreated In children 
without ADHD. It could be that this Is a general problem ratherthan being specific 
for comorbidity with ADHD. More research Is needed to answer this question, 
preferably In a large non-cllnlcal sample.
A possible limitation of our study Is the use of questionnaire data only, In the 
absence of objective motor tests or assessments of motor functioning by 
experienced clinicians necessary for a clinical diagnosis of Developmental 
Coordination Disorder (Polatajko &Cantln, 2005; Wilson, 2005; Green & Wilson, 
2008). We are aware of the fact that questionnaires have been found to be less 
reliable In assessing motor ability than objective motor tests. Other studies have 
found higher proportions of motor affected children when using motor performance 
tests rather than questionnaires. However, also lower percentages (30%) of 
affected children have been found. This discrepancy partly depends on the 
specific motor test or questionnaire, and also on the chosen cut-off scores that 
are chosen to Indicate affected status (Polatajko & Cantln, 2005). The 
questionnaires used, however, have been validated (Dellen van et al., 1990; 
Schoemaker et al., 2006) and we also used two different Informants, the parents 
and the teacher, to detect motor difficulties. Furthermore, only through the use of 
the questionnaire approach It was possible In the setting of the IMAGE-study to 
evaluate the large number of subjects necessary to get a representative picture of 
Intervention use for motor problems In children with ADHD.
Our study has clinical Implications. Physical therapy or occupational therapy has 
been proven effective for treating motor problems, especially the task-oriented 
and the cognltlve-based approaches like Neuro Motor Task training (NMTt) and 
Cognitive Orientation to Dally Occupational Performance (CO-OP) (Nlemeljer et 
al., 2007; Sangster et al., 2005; Sugden & Chambers, 2007). These modern 
Intervention methods are child-focused and help children to acquire Important 
skills for dally activities, which can Increase their quality of life.
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All health specialists treating children with ADHD should be aware of the high 
frequency of co-occurring motor problems. Referrers need more training and 
guidance In the field of DCD (Gaines et al., 2008; Dunford et al., 2004). Children 
with ADHD should be assessed for motor problems In a standardised manner, 
either by Interviewing parents and children or by use of questionnaires. A physical 
examination should be part of the assessment. However, It Is known that the 
physical and neurological examination as performed by doctors does not always 
detect motor coordination problems (De Klelne et al., 2003). Therefore we suggest 
that healthcare workers use a screening questionnaire such as the DCD-Q, a 
valid and reliable questionnaire (Calrney et al., 2008; Schoemaker et al., 2006; 
Wilson et al., 2000). If necessary, a child should then be referred to a paediatric 
physical therapist for a standardised test like the Movement ABC to confirm or 
reject a diagnosis of DCD, and to make a detailed Inventory of problems In dally 
activities as basis for treatment. The social-emotional benefits of movement 
training cannot be underestimated. Withholding therapy from these children Is a 
missed opportunity to really help them cope with the challenges of dally life.
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Abstract
Background
Attention Deficit Hyperactivity Disorder (ADHD) is frequently accompanied by 
motor problems (MP). We investigated a possible shared etiology between the 
two traits in the Dutch sample of the International Multicenter ADHD Genetics 
(IMAGE) study comprising 275 children with ADHD and their affected or unaffected 
sibling and 146 unrelated healthy children.
Method
Exploratory data analysis and bivariate structural equation modeling were used to 
estimate the familiality of MP rated by parents (Developmental Coordination 
Disorder Questionnaire, DCD-Q) or teachers (Groningen Motor Observation 
Scale, GMO), and to determine the familial and environmental correlation between 
MP and ADHD. Further, the nature of the familiality was explored by studying the 
siblings of ADHD-affected children.
Results
ADHD-affected children had significantly more MP than their unaffected siblings, 
who in turn had significantly more MP than healthy subjects. The familial 
component of MP measured by DCD-Q and GMO was 47% and 22%, respectively. 
The familial correlation between motor performance measures and ADHD was 
-0.38 for DCD-Q and -0.40 for GMO. Our data suggested that co-occurrence of 
ADHD and MP possibly marks a distinct subtype of ADHD, rather than signaling 
increased severity of disease.
C onclus ions
ADHD and MP have a common basis that may be due to genetic factors and/or 
shared environmental factors. ADHD accompanied by MP may behave like a 
distinct subtype of ADHD, but more research will be needed to support that 
hypothesis.
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Introduction
Attention Deficit Hyperactivity Disorder (ADHD) is a common and highly heritable 
neurobehavioral condition that commences in childhood and often persists into 
adulthood.13 It affects 3-5% of children and is characterized by hyperactivity 
inattention and impulsivity. Twin studies have estimated the heritability of ADHD to 
be approximately 0.80.4 Three subtypes of ADHD can be distinguished: a mainly 
inattentive, a mainly hyperactive-impulsive and a combined subtype. ADHD is 
frequently accompanied by psychiatric comorbidity and developmental problems.
About 30% to 50% of children with ADHD also suffer from motor problems (MP), 
currently referred to as Developmental Coordination Disorder (DCD).58 DCD 
describes a marked impairment in the performance of motor skills that is found in 
5-7% of school aged children in the general population.9 The condition is not due 
to medical problems like cerebral palsy and the diagnosis should not be given to 
children with an IQ below 70.W6 The combination of ADHD and motor problems 
(MP) has a poorer prognosis than ADHD alone in terms of later psychiatric 
problems and substance abuse.17 Therefore, the coexistence of ADHD and MP 
has important clinical consequences.
The increased prevalence of MP in ADHD-affected children compared to the 
general population suggests a shared etiology for both disorders, due to genetic 
and/or environmental factors underlying both traits. So far, only one study has 
investigated the determinants of a shared etiology. In 2006, Martin and co-workers 
showed a high heritable component of 0.69 for MP in a population-based twin 
sample; the shared heritability for ADHD and MP ranged between 0.29 and 0.51 
for ADHD combined type, depending on the rating scale.18 The available 
information on the subtype of ADHD and the subscales of the Developmental 
Coordination Disorder Questionnaire (DCD-Q) allowed a genetic analysis on 
several levels. However, the ADHD diagnosis was based on questionnaires only, 
the number of ADHD combined type-affected children was rather limited and no 
motor performance scale other than the DCD-Q was used.
Here, we report a second study on the overlap of ADHD and MP etiologies. 
We investigated a large, clinical group of children with ADHD combined type that
105
CHAPTER 5
participated in the international Multicenter ADHD Genetics (IMAGE) study, a 
program investigating the genetics of ADHD.1920 We examined the relationship 
between ADHD and MP from a family genetic perspective using a sample of 
ADHD concordant and discordant sibling pairs and healthy control children in 
which motor performance had been measured by the parent-rated DCD-Q21”  
and the teacher-rated Groningen Motor Observation Scale (GMO).23 More 
precisely, we compared the frequency of MP as well as continuous motor scores 
between five distinct groups: ADHD-affected probands having ADHD-affected 
sibs, these ADHD-affected sibs, ADHD-affected probands having unaffected 
sibs, these ADHD-unaffected sibs, and healthy controls. We argued that if ADHD 
and MP indeed share a common familial etiology, ADHD concordant pairs would 
show more MP in both siblings compared to ADHD discordant pairs. Also, the 
ADHD-unaffected siblings would show more MP than healthy control children.
In a second part of the study, we calculated polychoric correlations and fitted 
bivariate genetic models to (i) quantify the familial component of MP (which 
indicates the combined effects of genes and shared environment); and (ii) the 
extent to which the overlap between ADHD and MP is due to familial effects while 
taking the selected nature of the sample into account.
Furthermore, we explored the relationship of ADHD and MP in more detail by 
comparing the frequencies of presence of ADHD and/or MP in siblings of 
probands with ADHD only, versus siblings of probands with ADHD and MP. Also, 
we compared the ADHD scores of probands with ADHD only and probands with 
ADHD and MP. These results would be expected to give information about the 
possibility of ADHD plus MP being a distinct subtype of ADHD, or just an 
expression of increased severity of the disorder.
Method
Participants
Children with ADHD and their siblings were recruited for the international 
collaborative IMAGE study, that aims to identify genes that increase the risk for 
ADHD using QTL linkage and association strategies.19 In The Netherlands, 365
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families of Dutch Caucasian descent participated, data on children’s motor 
development were gathered in 337 of these. These data were the focus of this 
study. Families were recruited from pediatric and child psychiatric services, and 
through advertisements in the magazine and website of the Dutch Parents of 
children with ADHD organization. Elaborate description of subjects and methods 
is given elsewhere.20 Probands had to fulfill a clinical diagnosis of DSM-IV 
combined subtype ADHD. Probands and siblings were 5 to 19 years old, lived at 
home, and attended primary or high school. Exclusion criteria applying to both 
included an IQ <70, known genetic syndromes (Down, Turner, Fra-X), brain 
disorders, autism, or epilepsy now or in the past.
Control children were recruited from elementary and high schools in The Netherlands. 
Parents received questionnaires by mail. Both parents and teachers completed 
the Conners rating scales (long versions, see below). Control children had to 
obtain non-clinical scores on both the parent and teacher version (Conners-N-scale: 
T-score < 62) to rule out ADHD among them. Regional Ethics Review Boards in 
The Netherlands approved the study, that was carried out in accordance with the 
Helsinki Declaration. Parents provided written informed consent for their children 
under 12 years old; children age 12 and older gave written informed consent 
themselves in addition to their parents.
Instruments
ADHD measures
Screening questionnaires (Conners’ long version rating scales and Strengths and 
Difficulties Questionnaires (SDQ)) for parents and teachers were used to identify 
children with ADHD symptoms.24'25 Behavior in ADHD-affected children was 
scored in medication-free periods, wherever possible. T-scores > 63 on the 
Conners ADHD-subscales and scores > 90th percentile on the SDQ-hyperactivity 
scale were considered as clinical. Children who scored in the clinical range on 
any of the questionnaires were invited to the hospital, where a semi-structured, 
standardized, investigator-based interview was administered, the Parental 
Account of Children’s Symptoms (PACS).26 A standardized algorithm was applied 
to the PACS and the teacher-rated Conners ADHD subscales to generate the total
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number of hyperactive-impulsive and inattentive symptoms of the DSM-IV 
symptom list.
M otor m easures
Motor symptoms were assessed using the DCD-Q, filled out by parents. 
The DCD-Q identifies children with MP in daily life. The internal consistency of the 
questionnaire is high (alpha=.88).21 In The Netherlands, it was recently translated 
into Dutch and validated.22 The DCD-Q contains 17 items and 4 subscales: motor 
control in motion, fine motor control/handwriting, gross motor control/planning 
and general coordination. The total score varies from 17 to 85, with low scores 
representing poor performance. Scores lower than the 10th percentile, between 
the 10th and the 25th percentile and above the 25th percentile of normal controls 
indicate the presence of DCD, suspected DCD and no DCD, respectively. In this 
study, the cut-off at the 10th percentile was used to indicate motor problems.
Teachers filled out the Groningen Motor Observation scale (GMO), developed in 
the Netherlands.22 It contains 18 items to be scored on a 4-point scale, ranging 
from “not at all like this child” to “like this child”. The total score varies from 18 to 
72. High scores on the GMO indicate poor performance. The cut-off scores to 
indicate the presence of DCD, suspected DCD or no DCD are dependent on age 
and gender. A score below the 15th percentile of an age and gender matched 
control group is considered suspicious for DCD and was used as the cut-off in 
this study to indicate MP, which is a standard procedure with the GMO.22 The 
GMO is validated for ages 5 to 11; as no validation is available yet for children 12 
years and older we used the 11- years cut-off points. This step in the analysis 
could underestimate rather than overestimate motor performance as norms 
become stricter when children get older.
We have shown earlier that the DCD-Q and GMO correlate significantly with each 
other (r=0.49, p< 0.001).8 This correlation suggests that both questionnaires tap 
into comparable aspects of motor functioning, yet are distinct enough to be 
valuable as separate measures.
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Analyses
Of every family we selected only one sib pair for analysis. From families with three 
(n = 68) or four (n=9) children we included a sibling with ADHD, if possible. If not, 
we chose the sibling in age closest to the proband. We combined the parent and 
teacher scores on the Conners rating scales by adding up the scores on both and 
dividing by two. To classify a sib pair as ADHD-concordant both children had to 
score above 62 on the combined scale. A sib pair was classified as discordant if 
the proband scored above 62 and the sibling scored 56 or lower. All children with 
Conners scores between 56 and 63 were excluded, ensuring that the pairs were 
truly concordant or discordant. This procedure reduced the number of participating 
families from 337 to 275.
For the motor scales (DCD-Q or GMO), prorating using the mean of the list was 
performed in case a questionnaire had a maximum of five missing items. This 
was done for 5.4% of children from ADHD-families and 3.4% of control children for 
the DCD-Q and for 11.9% of children from ADHD-families and 8.9% of control 
children for the GMO. Because of non-normality of the GMO data, we applied a 
Van der Waerden transformation as implemented in SPSS (for Windows, version 
14.0)27, which reduced skewness and kurtosis. A similar procedure was used for 
the DCD-Q. The GMO scores were mirrored, in addition, so that scores on all 
motor variables would imply the same meaning: a low score was indicative of 
poor motor performance, a high score of good motor performance.
Chi-square tests were used to test for differences in frequencies in dichotomous 
variables between groups. Group differences in continuous motor scores and 
Conners’ scores were assessed in univariate analyses of variance (ANOVA) in 
which the study groups (i.e. ADHD concordant-pair probands, affected siblings, 
ADHD discordant-pair probands, unaffected siblings, and control children) served 
as between-subject factors. Gender was introduced into the model as covariate 
(ANCOVA). Where appropriate, specific hypotheses about pair-wise differences 
between groups for continuous variables were tested. We used the Bonferroni 
t-testthat adjusts the observed significance level for multiple testing. The analyses 
above were performed using SPSS for Windows, version 14.0.
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Polychoric  co rre la tions
We fitted a constrained correlational model to the sib data in order to get: one 
within-individual cross-trait correlation, one cross-sib cross-trait correlation, and 
one cross-sib within motor performance measure. Since the sample had been 
ascertained for the study of ADHD and we had to take this selection into account, 
in each correlational model the ADHD sib correlation was fixed according to the 
assumed heritability of ADHD, that is 1/2 * 0.80 = 0.40 (see also below).
M ode l-fitting  analyses
Bivariate genetic model fitting was performed using the Mx program.28 For an 
extensive description of the method and interpretation see Neale and Cardon 
(19 9 2).29 In short, the method allows, using information on the associations within 
and between different relative pairs (e.g. monozygotic and dizygotic twin pairs), 
for an estimation of the contribution of genetic factors (A), shared environmental 
factors (C), and unique environmental factors (E) in the occurrence of a trait or 
co-occurrence of traits using maximum likelihood techniques. Since our data 
sample consisted of sib pairs and singletons we were not able to distinguish 
between the genetic and shared environmental component. Instead, we used a 
model in which we estimated the combined effects of A and C, indicated by the 
familial component (F), and non-shared environment effects (E), the latter also 
including measurement error. The standardized solution of this model is presented 
in Figure 1.
Significant cross-/sib cross/within trait co-variances imply that common etiological 
factors between two traits are familial. The analyses yield estimates of a familial 
(rf) and environmental correlation (re): the extent to which the same familial or 
environmental effects impact on both ADHD and the motor performance 
measures. As the rf, and re do not take into account the familiality of either trait, it 
is possible for a large genetic correlation to actually explain a very small portion 
of the observed co-variation between these two traits. The product of rf and the 
square root of the standardized F estimates of the two traits constitutes the familial 
contribution to the total phenotypic correlation (rph,f) between the two traits. 
In a similar way we can establish rphie (see Figure 1).
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Figure 1 Standardized solution of the fixed bivariate model for ADHD and 
motor problems for a single individual.
if = familial correlation, l,e, overlap between the F factors Influencing the two traits;
re = environmental correlation, l,e, overlap between the E factors Influencing the two traits.
The paths coefficients are the standardized effects of F and E, I.e. the square root of f2 and e2.
Since the sample had been selected for ADHD we corrected for selection. 
We used a fixed bivariate model described in detail elsewhere.30 This model 
applies the knowledge that we have of the (genetic) parameters of the disorder 
(ADHD), which is the selection variable: heritability of 80%, no effects of common 
environment and a prevalence of 5%.4 The model assumes a continuum of risk 
that is normally distributed with the disorder occurring only when a certain 
threshold of liability is exceeded. We used the dichotomous ADHD classification 
and categorized the motor performance measures into quartiles. To account for 
the selection on ADHD affection status, we fixed the familial effects to 80% and 
the threshold on the liability to a z-value of 1.64. Parameters (F, E and thresholds 
for the motor performance measures) were free. Precision of free parameters was 
obtained by maximum-likelihood confidence intervals (95% Cl).
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Results
Sam ple characte ris tics
Two hundred-seventy five children with ADHD and their affected or unaffected 
siblings were assessed, as were 146 normal control children (Table 1 for sample 
characteristics). Groups did not differ in mean age. Relatively more girls were 
present in the unaffected sibling and control groups compared to the ADHD 
groups. DCD-Q data were available for 556 children, GMO data for 660 children.
C om parison o f m otor scores and frequencies of m otor p roblem s 
in the sam pled groups
As shown in Figure 2a and 2b we found motor problems as measured by the 
DCD-Q more often in sib pairs concordant for ADHD (35% for probands and 33% 
for sibs) and affected probands of discordant pairs (34%) compared to unaffected 
siblings (8%; all p<0.001). Classification based on the GMO showed 38% motor
Figure 2a Percentage of motor-affected children according to parents
(DCD-Q) in ADHD probands and their ADHD-affected or unaffected 
siblings, and controls.
S' 5Ch
a>
T3 40-
Proband Affected Proband Nonaffected 
Sibling Sibling
Concordant Pairs Discordant Pairs Controls
The percentages were significantly lower in unaffected siblings and controls (p<0.001).
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Figure 2b Percentage of motor-affected children according to teachers
(GMO) in ADHD probands and their ADHD-affected or unaffected 
siblings, and controls.
Proband Affected Proband Nonaffected 
Sibling Sibling
Concordant Pairs Discordant Pairs Controls
The percentages were significantly lower in unaffected siblings and controls (p<0.001).
disorders in probands and 32% in ADHD concordant sibs versus 38% and 10% in 
discordant pairs (comparisons all p<0.001). In control children the results were 
as expected: 5% motor-affected children according to the DCD-Q and 7% 
according to the GMO. These percentages were significantly lower than those for 
the ADHD probands and the ADHD-affected siblings (p<0.001).
Sibling pairs and controls also differed significantly on continuous motor 
performance scores according to DCD-Q (F(4,550)=37.82, p<0.001; Fig. 3a) and 
GMO (F(4,654)=36.60, p<0.001; Fig. 3b). Post-hoc analysis showed significant 
differences for ADHD-affected versus unaffected sibs and controls (both DCD-Q 
and GMO p<0.001), and for unaffected siblings compared to control children 
(DCD-Q: p=0.001, GMO: p = 0.01). ADHD-affected children scored lower than 
unaffected siblings, which in turn scored lower than healthy subjects. Introducing 
gender as covariate did not change these results.
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Table 1 Summary statistics of ADHD concordant sibling pairs, ADHD discordant sibling pairs and control children.
ADHD-concordant sib pairs ADHD-discordant sib pairs Control children
characteristics probands affected
siblings
probands non-affected
siblings
healthy control 
subjects
N =94 N =94 N=181 N =181 N=146
Mean and SD or n 
and percentage
Mean and SD or n 
and percentage
Mean and SD or n 
and percentage
Mean and SD or n 
and percentage
Mean and SD or n 
and percentage
Age (years) 11.4 2.9 10.9 3.2 11.2 2.6 10.6 3.5 11.2 3.2
Gender (male) 78 83% 58 61% 157 87% 91 50% 58 40%
Conners’ mean Inattentiveness 70.2 6.9 68.0 6.4 67.8 6.4 47.6 4.3 45.9 3.4
Conners’ mean Hyperactivity-lmpulsiveness 75.9 7.2 70.1 8.2 74.0 8.2 48.4 5.0 46.7 3.3
Conners’ mean total score 74.9 7.0 70.9 6.0 72.7 6.8 47.8 4.1 45.9 3.0
DCD-Q mean total score 53.6 11.8 55.0 11.9 54.4 11.2 64.5 11.4 70.0 11.0
GMO mean total score 33.9 13.1 31.6 11.6 34.1 11.9 23.9 8.8 21.0 7.1
DCD-Q= Developmental Coordination Disorder Questionnaire; GMO = Groningen Motor Observation Scale.
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M odel fittin g  results
Table 2 shows the polychorlc correlation estimates for ADHD and motor 
performance as measured by the GMO (r=-0.59; 95% Cl -0.64 to -0.52) and the 
DCD-Q (r= -0.55; 95% Cl -0.58 to -0.48). The correlations between ADHD and the 
DCD-Q subscales varied from -0.28 for gross motor/planning to -0.62 for fine 
motor/handwrltlng. Cross-member wlthln-tralt correlation was markedly higher for 
the DCD-Q (0.43; 95% Cl 0.30 to 0.55) than the GMO (0.16; 95% Cl 0.02 to 0.29) 
Indicating a smaller familial component for the latter. Cross-member cross-trait 
correlations were all statistically significant at the p<0.05 level and suggested that 
at least a part of the correlation between ADHD and motor problems Is due to 
familial effects that the two traits have In common.
Table 3 contains the results of the blvarlate model fitting procedure. The estimated 
contribution of familial effects to the observed variation In GMO and DCD-Q 
scores was 0.22 and 0.47, respectively (both estimates significant at p<0.001). 
The estimates of the familial component of the DCD-Q subscales varied slightly 
(0.33 to 0.41). The results were statistically significant at the p<0.05 level. The 
phenotypic correlation between ADHD and motor performance was comparable 
for DCD-Q and GMO and strongest for fine motor/handwrltlng and general 
coordination. Overall, these results suggested that for all measurement scales 
approximately two-thirds of the phenotypic correlation Is due to shared familial 
factors and one-third to shared environmental factors. Since we observed an 
association between GMO scores and gender, we also fitted a sex-specific 
blvarlate model; no gender differences In familial effects were detected 
(p = 0.948).
Exp loration  o f the re la tionsh ip  between ADHD and MP
To find Indications for ADHD + MP being a distinct subtype of ADHD, prevalence 
of MP In the siblings was calculated according to the motor status of the proband. 
Indeed, for the DCD-Q, 11 out of 71 (15.5%) siblings of probands with ADHD + MP 
also had the combination of ADHD + MP, whereas only 13 out of 204 (6.4%) siblings 
of probands with ADHD-only had this combination (p = 0.013), which would 
suggest a distinct subtype. However, for the GMO this was 11 out of 100 (11.0%) 
versus 17 out of 175 (9.7%), which did not reach significance (p=0.580) (Table 4).
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When comparing the frequency of ADHD in sibling of ADHD + MP and ADHD-only 
probands to determine If MP were related to severity of ADHD, we found that 
probands with ADHD + MP had a sibling with ADHD equally often as probands 
with ADHD-only: 35.3% of ADHD + MP probands had a sibling with ADHD and 
33.8% of probands with ADHD-only had a sibling with ADHD (p=0.885) according 
to the DCD-Q; the GMO gave comparable results (33.0% versus 34.9% (p = 0.793)). 
Conners’ scores were also comparable In probands with and without MP (Table 
5), as were the scores of siblings of ADHD + MP probands and siblings of 
ADHD-only probands (F(1,273) = 0.468, p = 0.494 for DCD-Q; F(1,273) = 0.565, 
p = 0.453 for GMO). This suggests that the presence of MP Is not a sign of 
Increased severity of ADHD.
Table 4 Prevalence of Motor Problems in ADHD-affected (ADHD+)
and unaffected (ADHD-) siblings and ADHD-affected probands 
with (ADHD + MP) and without (ADHD-MP) motor problems.
Sib ADHD+ (n=94) Sib ADHD- (n=181)
DCD-Q MP+ MP- MP+ MP-
Proband
ADHD + MP (n=71) 11 14 5 41
Proband
ADHD-MP (n=204) 13 56 6 129
GMO
Proband
ADHD + MP (n=100) 11 22 7 60
Proband
ADHD-MP (n=175) 17 44 10 104
DCD-Q= Developmental Coordination Disorder Questionnaire; GMO= Groningen Motor 
Observation Scale.
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Since we had selected only one sibling from families that consisted of more than 
one sibling pair, we evaluated whether the distribution of families with one and 
more sibling pairs was similar for the probands with and without MP to ensure that 
the sibling selection on ADHD status had not Impaired the analyses described 
above. We could confirm this: the groups showed no difference (DCD-Q: p = 0.675, 
GMO: p=0.270).
Table 5 Conners' scores and DCD-Q and GMO scores in siblings of 
motor-affected and motor-unaffected ADHD probands.
Proband ADHD Sib ADHD Sib motor
score mean (SD) score mean (SD) score mean (SD)
DCD-Q
Proband ADHD+MP 74.2 (6.8) 56.5 (12.6) 58.8 (12.8)
Proband
ADHD-MP
73.2 (6.9) 55.4 (11.8) 62.4 (12.1)
GMO
Proband
ADHD+MP
72.8 (6.5) 54.7 (11.5) 27.1 (11.2)
Proband
ADHD-MP
73.8 (7.2) 56.1 (12.3) 26.3 (10.1)
DCD-Q= Developmental Coordination Disorder Questionnaire; GMO= Groningen Motor 
Observation Scale.
Discussion
Up to now, there are only two studies (including ours) that have examined a 
possible shared etiologic background of MP in ADHD. Although using entirely 
different designs (volunteer population twin sample in the first study 18 versus 
clinical sib pair sample in our case), both studies show that MP in ADHD are 
indeed familial. Both papers also support the notion that ADHD and MP have a 
common etiological basis. However, given the different designs of the two papers, 
further direct comparison of the results is complex.
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Interestingly, In our study the familial component of the DCD-Q (0.47) was twice 
as large as that of the G MO (0.22), although the phenotypic correlation with ADHD 
was comparable. Both scales Indicated that approximately two-thirds of the 
correlation with ADHD was attributable to familial components. Although the 
famillality varied little for the different subscales of the DCD-Q, the phenotypic 
correlation showed a different pattern In which the correlation for fine motor/ 
handwriting and general coordination was twice as large as that for control during 
movement and gross motor/planning. The correlations between ADHD and the 
DCD-Q subscale varied from -.28 for gross motor planning to -.62 for fine motor/ 
handwriting, supporting that the questionnaire measures more than one motor 
trait and that motor performance Is not a unitary dimension. Furthermore, the 
larger association of fine motor problems with ADHD could suggest a possible 
attentlonal component In this dimension. The finding that parent and teacher 
ratings are poorly correlated Is not new.3132 Parent and teachers frequently 
disagree on their assessments of behavioral and/or emotional problems, with 
parents usually rating their child’s behavior more severe than teachers.33 Teacher 
ratings using the Conners questionnaire are superior to parent ratings In sensitivity, 
specificity and classification accuracy.34 These findings stress the Importance of 
using multiple Informants to obtain a full picture of a child’s functioning. In 
addition, In our study of sib pairs, the DCD-Q was filled out by the same parent 
for a sib pair, whereas two different teachers per sib pair filled out the GMO. This 
may have Inflated the environmental contribution In the analysis of the GMO. 
Interestingly, Figures 2a and 2b show the same pattern for parents and teachers 
ratings In the prevalence of MP In concordant and discordant sib pairs even 
though the GMO and DCD-Q do not perfectly correlate.
Since both our study and the study by Martin suggest a common (at least partly 
familial) background of ADHD and MP, we asked the question how this common 
etiology may express Itself. We found some evidence suggesting that the 
co-occurrence of ADHD and MP represents a distinct subtype of ADHD, but 
cautious Interpretation of these findings Is required. First, the analyzed subgroups 
contained small numbers of observations. In addition, although the results for 
DCD-Q and GMO showed the same pattern, only the results for the DCD-Q 
reached statistical significance. The fact that 11.9% of the GMO questionnaires 
contained missing Items (1-5 Items) that were prorated using the mean of the list
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compared to 5.4% of the DCD-Q questionnaires may have contributed to this 
apparent inconsistency between raters.
One might speculate which pathophysiological mechanisms play a role in the 
co-occurrence of ADHD and MP. Neuro-imaging studies have demonstrated 
structural and functional abnormalities of neural circuits in ADHD. In particular, 
dysfunction of the cingulate area and of fronto-striatal circuits, reduced volumes 
of whole brain, nucleus caudatus, frontal areas and cerebellar regions, smaller 
size of the corpus callosum, reduced thickness of the cingulate cortex as well as 
delayed cortical maturation have been established.35 38 The biological substrate 
of MP is far from clear, though most researchers agree that the cerebellum and 
the basal ganglia also play an important role.39 In the combination of ADHD and 
MP a dopamine-induced dysbalance of basal ganglia neurocircuits may be 
pivotal.40 The role of the dopamine system is well established in ADHD and 
genetic variation in dopaminergic genes contributes to ADHD risk.4142 Different 
lines of evidence indicate that the dopaminergic system also plays an important 
role in motor control.43 49 Interestingly, polymorphisms in the dopadecarboxylase 
gene (DDC), whose product catalyzes the final step in the synthesis of serotonin 
and dopamine were found to be associated with locomotor behavior in animal 
studies.50 All in all, dopamine pathway genes deserve further investigation in the 
search for a common background of ADHD and MP.
Our results should be interpreted in the context of the strengths and limitations of 
the study. Possible limitations concerning the motor screening are the use of 
questionnaire data only and the absence of objective motor tests (like the 
Movement Assessment Battery for Children (mABC)14 51) or assessments of motor 
functioning by experienced clinicians. These procedures, however, are rather 
time-consuming and expensive and less compatible with testing of large samples 
of children as was done in our study. We compensated for this potential weakness 
by using parent an d  teacher ratings of motor development, allowing us to assess 
the influence of the measurement scales on the estimate of the familial component. 
However, given the strong dependence of our and Martin’s results on the 
measurement scales, more research will be necessary to arrive at a reliable 
estimate of the contribution of familial and heritable factors to the shared etiology 
of ADHD and MP and to determine the distinct value of the various measurement
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scales. Strengths of our study are the large sample size, the strict DSM-IV-based 
algorithm used to diagnose ADHD and the use of only extremely concordant and 
discordant sib pairs, ensuring exclusion of sub-clinical ADHD-cases.
This study confirms the presence of an underlying shared etiology for ADHD and 
MP. It also gives, although speculative at this time, a first indication that ADHD 
and MP mark a distinct subtype of ADHD. This finding paves the way for further 
studies into the molecular genetics, where dopamine-related genes may play a 
role in the common background of ADHD and MP. This eventually will lead to a 
better understanding of MP in ADHD, an important issue in daily clinical 
practice.
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CHAPTER 6
Abstract
Background
Motor coordination problems are frequent in children with ADHD. In this study, we 
performed the first genome-wide association study to identify DNA variation 
contributing to motor coordination problems, hypothesizing that the presence of 
such problems in children with a clinical ADHD diagnosis might identify a sample 
of reduced genetic heterogeneity.
M ethods
Children with ADHD participating in the IMAGE study were evaluated with the 
Parental Account of Children’s Symptoms. Genetic association testing was 
performed in PLINK on 890 probands with genome-wide genotyping data. 
Bioinformatics enrichment-analysis was performed on highly ranked findings. 
Further characterization of findings was conducted in Dutch IMAGE children 
(n = 313) evaluated more elaborately using the Developmental Coordination 
Disorder Questionnaire (DCD-Q).
Results
Although none of the findings reached genome-wide significance, bioinformatics 
analysis of the 97 gene-based top-ranked findings revealed enrichment of genes 
involved in motor neuropathy and Amyotrophic Lateral Sclerosis (ALS). Genes 
involved in neurite outgrowth and basic muscle function were also enriched. 
Among the highest ranked genes were MAP2K5, involved in Restless Legs 
Syndrome, and CHD6, causing motor coordination problems in mice. Characteri­
zation of the 59 top-ranked findings using DCD-Q subscales found association 
(P<5.00E-02) for 15 SNPs.
C onclus ions
The enrichment of genes involved in movement disorders and the finding that 
many genes form a network functioning in neurite outgrowth as well as basic 
muscle function provide clues about the etiology of motor coordination problems. 
Results for the DCD-Q subscales suggest effects on gross motor control and 
general coordination. Replication studies in independent samples are necessary 
to confirm or refute our results.
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Introduction
With a prevalence of 5% at school age, motor coordination problems are common 
in children and are usually referred to as Developmental Coordination Disorder 
(DCD) (American Psychiatric Association(APA), 2000; Ungam et al., 2009; Kirby 
and Sugden, 2007; Missiuna et al., 2008). DCD is a heterogeneous condition. 
Motor milestones such as crawling and walking may be delayed, while some 
children show marked hypotonia and/or clumsiness (Wilson and Larkin, 2008; 
Green et al., 2008). The motor problems lead to difficulties in everyday living and 
often have an effect on academic performance, sports, play and self-esteem 
(Cummins et al., 2005; Polatajko and Cantin, 2005; Miyahara and Piek, 2006; Piek 
et al., 2008). Delay of maturation in the brain as well as functional deviations in 
basal ganglia, parietal lobe and cerebellum have been suggested as the dominant 
source of neuropathology in motor coordination problems (Zwicker et al., 2009). 
DCD is considered a multifactorial disorder in which genetic factors and 
environmental factors such as perinatal adversity play a role (Pearsall-Jones et 
al., 2009). Only one study has formally examined the heritability of DCD in a pop- 
ulation-based twin study (Martin et al., 2006) and estimated it to be 0.69. In our 
study of sib pairs, we found a familial component (comprising genetic and 
environmental effects) of 0.47 (Fliers et al., 2009). The genetic component appears 
polygenic with many genes, all of small effect, thought to cause the disorder 
together or in interaction with unfavorable environmental circumstances.
Children with motor coordination problems usually have problems in other areas 
of development as well, including dyslexia, autistic spectrum disorders and Atten- 
tion-Deficit/Hyperactivity Disorder (ADHD). The other way around, we and others 
found that of children with ADHD, 30 to 50% also suffer from motor coordination 
problems (Fliers et al., 2008; Kadesjo and Gillberg, 1998). The combination of 
ADHD and motor coordination problems has previously been named Deficits of 
Attention and Motor Perception, DAMP (Kadesjo and Gillberg, 1998; Gillberg et 
al., 2004). At present, we can only speculate aboutthe underlying neurobiological 
mechanisms for this comorbidity, but a dopamine-induced imbalance of basal 
ganglia neurocircuits may play a role (Arnsten, 2006). Previous work on the 
familiality of these two disorders identified a possible shared etiological 
background. In the Dutch sample of the International Multicenter ADHD Genetics
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(IMAGE) study, we found that ADHD and motor coordination problems have a 
common basis that may be due to genetic factors and/or shared environmental 
factors. The familial correlation between motor performance measures and ADHD 
was found to be 0.38 (Fliers et al., 2009). These results are In line with a twin study 
of the shared background of ADHD and DCD, In which a shared herltablllty of 
between 29% and 51% was observed (Martin et al., 2006).
Despite a considerable familial component Involved In motor coordination 
problems of 0.47 as measured by the Developmental Coordination Disorder 
Questionnaire (DCD-Q) In sib pairs (Fliers et al., 2009), little Is known about the 
specific genetic factors Involved. Since more knowledge about genetic factors 
Involved In motor coordination problems may help to better understand their 
etiology, we set out to perform a hypothesis-generating genome-wide association 
study (GWAS) to search for DNA variation contributing to the condition. GWA 
studies are a powerful tool to Identify genetic factors of limited effect size 
(McCarthy et al., 2008). We hypothesized that studying motor coordination 
problems In a sample of ADHD-affected children might reduce the phenotypic 
and genetic heterogeneity of motor problems. In the current study, phenotypic 
Information on motor problems and genome-wide genotyplng data were available 
for 890 children from the IMAGE study. We performed blolnformatlcs analysis on 
the highest ranked findings to test for enrichment of gene functional groups. 
Findings were further characterized In more detail using a second phenotyplng 
Instrument In the Dutch IMAGE subsample.
Method
Partic ipants
Children with ADHD and their siblings were recruited for the IMAGE study that 
alms at Identifying genes that Increase the risk for ADHD using QTL linkage and 
association strategies (Brookes et al., 2006; Kuntsl et al., 2006). Families were 
Identified through ADHD probands aged 5-17 years attending outpatient clinics 
atthe data collection sites In Europe (Belgium, Germany, Ireland, The Netherlands, 
Spain, Switzerland, and the United Kingdom) and Israel. Families of European 
Caucasian ancestry were recruited based on having one child with ICD-10 or
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DSM-IV ADHD and at least one other child who would provide DNAand quantitative 
trait data. In addition, both parents had to be available for DNA-sampllng. 
Exclusion criteria applying to all children Included an IQ <70, known genetic 
syndromes (Down, Turner, Fraglle-X), brain disorders, autism, or epilepsy current 
or In the past, as well as all disorders with symptoms potentially mimicking ADHD. 
Additional details about the clinical characteristics and the diagnostic process of 
this sample have been described earlier (Kuntsl et al., 2006; Brookes et al., 2006; 
Chen et al, 2008; Christiansen et al, 2008; Zhou et al, 2008; Mulligan et al, 2009).
M otor m easures
Parental Account of Children’s Symptoms (PACS) interview
The PACS, a seml-structured, standardized, Investigator-based Interview (Taylor 
et al, 1986), was administered to all parents. Interviewers were all trained In the 
United Kingdom and Inter-rater reliability tests were performed regularly during 
the period of data collection In all participating countries. The PACS covers 
DSM-IV symptoms of ADHD, conduct disorder, oppositional defiant disorder, 
anxiety, mood, and other Internalizing disorders. Moreover, questions regarding 
motor development are Included. For thIs specific study, we analysed the question 
“does your child have motor coordination problems”, with 3 possible answers: 
“no”, “maybe”, or “yes definitely” as the primary phenotype for genetic analysis.
Developmental Coordination D isorder Questionnaire (DCD-Q)
In the Dutch participants of IMAGE, we collected additional data on motor 
performance by means of the DCD-Q, completed by parents (Fliers et al, 2008). 
The DCD-Q Identifies children with motor coordination problems In dally life and 
Is widely used In International studies (Wilson et al, 2000; Wilson et al, 2009; Loh 
et al, 2009). The Dutch DCD-Q has been validated (Schoemaker et al, 2006). 
The Internal consistency of the questionnaire Is high (alpha = 0.88). The DCD-Q 
contains 17 Items that are rated on a 5-polnt scale (1 = not at all like this child; 
5 = extremely like this child) and 4 subscales: motor control In motion, fine motor 
control/handwriting, gross motor control/planning and general coordination. 
In this study DCD-Q scores were tested as secondary phenotypes In the genetic 
analysis of candidate SNPs. The scores were used on a continuum. We tested five 
traits: the total score on the DCD-Q (range from 17 to 85), and the four subscale 
scores.
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G enetic Analysis
The IMAGE consortium makes part of the Genetic Association Information 
Network (GAIN), a public-private partnership of FNIH (Foundation forthe National 
Institutes of Health, Inc.) that currently Involves NIH, Pfizer, Affymetrlx, Perlegen 
Sciences, Abbott, and the Ell and the Edythe Broad Institute (of MIT and Harvard 
University) (http://www.fnlh.org). A total of 958 affected proband-parent trios from 
IMAGE were Initially selected for a GWAS. Genotyplng was conducted at Perlegen 
Sciences using their genotyplng platform, which comprises approximately 
600,000 tagging SNPs designed to be In high linkage disequilibrium with untyped 
SNPs for the HapMap populations. Quality control of the genotype data was 
performed by NCBI (The National Center for Biotechnology Information) using the 
GAIN QA/QC Software Package (version 0.7.4) developed by Gongalo Abecasls 
and Shyam Gopalakrlshnan at the University of Michigan. Details of the genotyplng 
and data cleaning process for the ADHD GAIN study (Study Accession, 
phs000016.v1 ,p1) have been reported elsewhere (Neale et al, 2008). Briefly, we 
selected only SNPs with minor allele frequency (MAF) > 5% and Hardy-Welnberg 
equilibrium (HWE) P > 1.00E-06. Genotypes causing Mendellan Inconsistencies 
were Identified by PLINK (http://pngu.mgh.harvard.edu/purcell/pllnk/) and 
removed (Purcell et al, 2007). We additionally removed SNPs that failed the 
quality control metrics for the other two GAIN Perlegen studies (for Major 
Depression Disorder (dbGAP Study Accession phs000020.v1 ,p1) and Psoriasis 
(dbGAP Study Accession phs000019.v1.p1)). With this filtering, 384,401 autosomal 
SNPs were retained In the final dataset. To Increase coverage In the targeted 
genomic areas, we used the Imputation approach Implemented In PLINK (v1.04), 
which Imputes genotypes of SNPs that are not directly genotyped In the dataset, 
but that are present on a reference panel. The PLINK algorithm Is an extension of 
multimarker tagging. The reference panel used consisted of 2,543,285 polymorphic 
autosomal SNPs genotyped on the 60 HapMap CEU founders which are publicly 
available for download from the HapMap website (Caucasian sample Included In 
the HapMap r23 build, http://www.hapmap.org). A threshold of 0.95 confidence 
level was set for a hard genotype call to be Included In association testing. Most 
likely genotypes for Imputed SNPs were then used In association analyses.
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S ta tis tica l Analysis
For statistical analysis, the PACS motor answers “no motor problems” and 
“possible motor problems” were combined into an “unaffected” category creating 
a binary outcome variable. We chose this rather strict way of analysis, since 
standard deviations of motorscores were overlapping for the groups “no motor 
problems” and “possible motor problems”, while the definitely affected category 
formed a truly different group (not shown). An ANOVA was performed with the 
binary PACS trait as independent and DCD-Q total scores as dependent variables 
to validate the motor question in a sample of 313 Dutch IMAGE participants for 
whom scores from both PACS and DCD-Q were available. Association analysis of 
890 ADHD probands with motor data was conducted using the logistic procedure 
implemented in PLINK with the motor variable from PACS as a binary outcome. 
The analysis was adjusted for age, gender, Conners’ hyperactive/impulsive score, 
Conners’ inattentive score and the country in which the motor variable was 
measured.
SNPs showing association P-values < 1.00E-04 in the GWAS were tested for their 
association with the four subscales (fine and gross motor scores, general 
coordination and control during movement) of the DCD-Q. This association 
analysis was conducted in 313 Dutch ADHD probands using the linear procedure 
implemented in PLINK. Each DCD-Q variable was a continuous outcome and the 
models were adjusted for age, gender, Conners’ hyperactive/impulsive score and 
Conners’ inattentive score. In order to control for multiple testing, an extra 
permutation step was added to the linear test by applying the max(T) permutation 
approach implemented in PLINK. Atotal of 10000 permutations were done forthe 
subset of SNPs passing the P-value threshold to determine empirical (EMP) 
P-values for association.
B io in fo rm a tics  analysis
In order to detect significantly enriched gene functional groups in 97 genes from 
the GWAS containing at least one SNP showing association with the PACS motor 
variable at P < 10.00E-04, we performed functional analyses using the Ingenuity 
Pathway Analysis software package (http://www.ingenuity.com). In the 
presentation of the results of these analyses, only gene categories with significant 
enrichment (i.e. False Discovery Rate corrected P < 0.05) and containing more
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than one gene were taken into account. The Ingenuity software package uses 
information from the published literature as well as many other sources, including 
gene expression and GO (gene ontology) terms databases, to assign genes to 
different groups and categories of functionally related genes. Broadly speaking, 
Ingenuity genes’ are assigned to one or more of three groups of gene functional 
categories, i.e. ’diseases and disorders’, ’canonical pathways’ and ’physiological 
system development and function’. Each of these categories can be further 
divided into many subcategories (http://www.ingenuity.com). In this study, we 
specifically looked at the 5 top-ranked ’diseases and disorders’ gene functional 
categories and subsequently at the 5 top-ranked subcategories within the 
’neurological disease’ gene functional category. In addition, we looked at the top 
5 ’canonical pathways’ and ’physiological system development and function’ 
gene functional categories.
The NCBI databases (http://www.ncbi.nlm.nih.gov/sites/entrez/), the UCSC 
Genome Browser (http://genome.ucsc.edu), the HapMap project website (http:// 
www.hapmap.org) and the website of the Sullivan Lab Evidence Project (http:// 
slep.unc.edu) were used to find information on gene function and prior association 
of the genes of interest with psychiatric disorders.
Results
A sample of 890 children with ADHD combined type had complete data for the 
PACS interview including information on motor development and had valid 
genotyping data. The mean age of the sample was 10.8 years (SD 2.8, age range 
5 to 17 years) and 85.3% was male (see Table 1). A total of 199 children (22.4%) 
were reported by their parents to have definite motor problems, and 225 (25.3%) 
were noted with possible motor problems. Scores for the DCD-Q were available 
for 313 Dutch IMAGE individuals (Table 1). Groups based on PACS motor scores 
showed a significant difference in DCD-Q motor scores, both in total score 
(F=36.89, P < 0.001) and in scores of the subscales (motor control in motion 
F=16.45, P < 0.001, fine motor control/handwriting F=13.93, P < 0.001, gross 
motor control/planning F=14.27, P < 0.001, general coordination F=8.40, 
P =  0.004). Of those children showing definite motor problems in PACS (n=92),
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66 children (72%) also scored clinically on the DCD-Q total score (in the lowest 
15th percentile of the normal population), see Table 2. The Spearman correlation 
between the scores on the motor coordination item of the PACS and the DCD-Q 
total score was -0.340 (P <  0.001).
Table 1 Descriptives of the study population measured with the PACS 
(n=890) and the DCD-Q (n=313)*.
Sample of children with ADHD and PACS (n) 890
Age (years mean (SD)) 10.8 (2.8)
Gender (% male) 85.3
Conners score (mean (SD)) hyperactivity/impulsivity 78.8 (10.3)
Conners score (mean (SD)) inattentiveness 71.3 (9.0)
Sample of children with DCD-Q scores (n) 313
DCD-Q total score (SD) 53.7 (9.5)
DCD-Q control during movement (SD) 19.9 (5.4)
DCD-Q fine motor (SD) 11.2(3.2)
DCD-Q gross motor (SD) 13.1 (2.9)
DCD-Q general coordination (SD) 9.6 (2.8)
*of the 313 children with DCD-Q data, 17 were excluded from association testing due to missing 
covarlate data.
Table 2 Comparison PACS and DCD motor affection in 296 children 
participating in the Dutch part of IMAGE.
N children DCD-Q unaffected DCD-Q affected
PACS motor-affected 121 83
PACS motor-unaffected 26 66
137
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Table 3 Top single SNPs with P < 1.00E-04 from the GWAS for motor coordination problems in children with ADHD and 
DCD-Q results. The 24 SNPs showing a significant P-value for one of the DCD-Q results are indicated in bold.
chr SNP Position (base 
pair)
P-values position ~ gene gene P-values
DCD-Q
control
P-values 
DCD-Q 
fine motor
P-values
DCD-Q
gross
motor
P-values
DCD-Q
general
coord
1 rs6687919 111198699 9.29E-05 < 20 kb upstream CD53 7.24E-01 9.47E-01 3.29E-02 6.02E-01
1 rs6687898 111198839 9.29E-05 < 20 kb upstream CD53 7.24E-01 9.47E-01 3.29E-02 6.02E-01
1 rs6690536 111198974 9.29E-05 < 20 kb upstream CD53 7.24E-01 9.47E-01 3.30E-02 6.02E-01
2 rs17762507 85247495 1.98E-05 intron TCF7L1 1.09E-01 5.72E-02 4.66E-01 4.44E-01
2 rs6733332 231346384 8.99E-05 intron CAB39 9.42E-01 5.41E-01 9.56E-01 5.40E-01
3 rs6550788 23734941 3.43E-05 < 100 kb upstream UBE2E1 3.78E-01 2.52E-01 2.22E-01 2.29E-01
4 rs12643829 16989235 5.26E-05 < 100 kb upstream CLRN2 3.81E-01 3.21E-01 5.92E-01 4.20E-01
4 rs7442317 29512150 3.62E-06 intergenic - 3.83E-01 7.65E-01 7.69E-01 6.94E-01
4 rs16882428 29512172 3.62E-06 intergenic - 3.83E-01 7.65E-01 7.69E-01 6.94E-01
4 rs7690092 29516307 3.62E-06 intergenic - 3.83E-01 7.65E-01 7.69E-01 6.94E-01
4 rs953797 29523996 3.62E-06 intergenic - 3.83E-01 7.65E-01 7.69E-01 6.94E-01
4 rs10023178 29526536 3.62E-06 intergenic - 3.83E-01 7.65E-01 7.69E-01 6.94E-01
4 rs1503966 29538600 1.93E-05 intergenic - 3.81E-01 1.84E-01 7.49E-01 7.42E-01
4 rs6837917 29558689 7.87E-05 intergenic - 8.80E-01 1.40E-01 1.07E-01 9.44E-01
4 rs12511112 85895123 9.16E-05 intron WDFY3 2.28E-01 1.09E-01 7.59E-02 8.23E-01
4 rs3098928 85898827 9.16E-05 intron WDFY3 2.28E-01 1.09E-01 7.59E-02 8.23E-01
4 rs6858666 85948960 9.16E-05 intron WDFY3 2.28E-01 1.09E-01 7.59E-02 8.23E-01
4 rs6531775 85949938 9.16E-05 intron WDFY3 2.28E-01 1.09E-01 7.59E-02 8.23E-01
4 rs6835046 85973968 9.16E-05 intron WDFY3 2.28E-01 1.09E-01 7.59E-02 8.23E-01
4 rs2046402 85981409 9.16E-05 intron WDFY3 2.28E-01 1.09E-01 7.60E-02 8.23E-01
4 rs2869216 85984565 9.16E-05 intron WDFY3 2.28E-01 1.09E-01 7.60E-02 8.23E-01
4 rs11097028 86088807 5.61E-05 intron WDFY3 8.57E-01 3.08E-01 4.72E-03 9.10E-01
4 rs6820517 86089649 5.61E-05 intron WDFY3 8.57E-01 3.08E-01 4.72E-03 9.10E-01
4 rs12502559 86094664 5.61E-05 intron WDFY3 8.57E-01 3.08E-01 4.72E-03 9.10E-01
4 rs10012888 182392020 7.21 E-05 intergenic - 5.09E-02 2.98E-01 3.74E-01 4.94E-01
5 rs10462643 7720153 8.40E-05 intron ADCY2 4.90E-01 1.16E-01 3.45E-01 1.92E-02
5 rs747243 7736784 8.40E-05 intron ADCY2 4.90E-01 1.16E-01 3.45E-01 1.92E-02
5 rs1366414 7743296 8.40E-05 intron ADCY2 4.90E-01 1.16E-01 3.45E-01 1.92E-02
5 rs6895553 114849566 8.63E-05 <30 kb downstream F EM 1C 9.30E-01 2.27E-02 2.21E-01 9.16E-01
6 rs4413658 2313641 3.37E-05 100 kb upstream GMDS 3.19E-02 2.79 E-01 4.69E-01 2.58E-01
6 rs7449538 2314638 3.37E-05 100 kb upstream GMDS 3.20E-02 2.79 E-01 4.69E-01 2.58E-01
6 rs9503158 2315074 3.37E-05 100 kb upstream GMDS 3.20E-02 2.79 E-01 4.69E-01 2.58E-01
6 rs1883587 2319820 3.37E-05 100 kb upstream GMDS 3.20E-02 2.79 E-01 4.69E-01 2.58E-01
6 rs1883588 2319887 3.37E-05 100 kb upstream GMDS 3.19E-02 2.79 E-01 4.69E-01 2.58E-01
6 rs4507577 19564453 3.38E-05 intergenic - 2.76E-01 5.78 E-01 3.46E-01 4.19E-01
7 rs2075000 150764725 4.99E-05 intron CRYGN 2.90E-02 1.55E-01 3.32E-01 5.02E-01
7 rs12534366 150769315 5.27E-05 intron CRYGN 3.43E-02 1.95E-01 2.53E-01 5.62E-01
7 rs11766792 152862485 1.20E-05 intergenic - 9.08E-01 2.16E-01 9.24E-02 4.33E-03
8 rs7819754 16125110 6.75E-05 < 50 kb upstream MSR1 3.06E-01 3.96E-01 3.12E-01 6.64E-01
8 rs10090333 16131941 6.37E-05 < 50 kb upstream MSR1 1.07E-01 3.21 E-01 3.94E-01 2.39E-01
8 rs2248010 17460770 1.90E-06 intron SLC7A2 7.00E-02 6.55E-01 2.71E-01 4.29E-01
9 rs13283363 34832242 2.66E-05 < 10 kb upstream C90RF144 7.86E-01 1.29E-01 7.67E-01 2.48E-01
9 rs12726 35394840 9.45E-05 exon UNC13B 2.78 E-01 1.42E-01 2.37E-01 8.92E-01
10 rs11002745 80370924 1.98E-05 intergenic - 6.53E-01 4.89E-01 4.49E-03 1.86E-01
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GWAS OF MOTOR COORDINATION PROBLEMS IN ADHD
A total of 580 SNPs showed association with the PACS motor scores at P-values
< 10.00E-04. The most significant association was observed for a SNP In an Intron of 
SLC7A2 (P-value = 1.90E-06), 58 additional SNPs showed association P-values
< 10.00E-05 (Table 3). Of the 580 PACS-assoclated SNPs, 174 were located In 97 
genes (Supplementary Table 1). Blolnformatlcs analysis using the Ingenuity pathway 
program revealed that 45 of the 97 primary genes from the GWAS fell Into the 
'neurological d isease’ gene category (P =  6.57E-06; Table 4). These 45 genes were 
most significantly enriched In five subcategories of the 'neurological disease’ category: 
'neurodegenerative d isorder’ (22/97 genes; P =  6.57E-06), 'progressive m otor 
neuropathy’ (23/97 genes; P =  2.10E-05), ‘amyotrophic lateral scle rosis ’ (15/97 genes; 
P =  5.42E-05) and two psychiatric disorders, ‘b ipo lara ffective d isorder’ (19/97 genes; 
P =  7.40E-04) and ‘schizophrenia’ (10/97 genes; P =  1.01E-02) (Table 5). Other gene 
functional subcategories found significantly enriched In the 97 top candidate genes 
were ‘synaptic long term depression' (6/97 genes; P =  1.54E-02) and ‘nervous system  
developm ent and  func tion ’ (6/97 genes; P =  4.00E-02) (Table 6).
Further characterization of the 59 SNPs showing P-values < 10.00E-05 for 
association with the PACS motor score using a more elaborate measure of motor 
coordination, the DCD-Q, revealed 15 SNPs with P-values < 0.05 associated with 
different subscales (Table 3). Permutation testing showed that two SNPs had 
significant empirical P-values: rs11002745 for the gross motor scale (EMP P =
0.045) and rs2839083 for the fine motor scale (EMP P = 0.014). While most 
DCD-Q subscale-assoclated SNPs Influenced only one of the subscales, one 
SNP near the COL6A1 gene Influenced several subscales (control during 
movement and fine motor control) (Table 3).
Of the 59 SNPs (Table 3), 17 were located within exonlc, Intronlc or untranslated 
regions of nine different genes (see Supplementary Table 2 for Information 
regarding gene function and published association with psychiatric disorders). 
A comprehensive search of the literature and databases Indicated that eight of 
the nine encoded proteins function In a signalling network that operates In 
functional processes linked to neurlte outgrowth, as recently also Implicated In 
ADHD etiology (Poelmans et al, submitted). Interestingly, the same eight proteins 
are expressed In skeletal muscle, where they play Important roles In basic muscle 
function (see Figure 1 and Supplementary File 1).
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Table 4 Top 5 ‘diseases and disorders' gene functional categories that are significantly enriched in the top 97 ADHD 
candidate genes from the GWAS for motor coordination problems in children with ADHD (see Supplementary 
Table 1) using Ingenuity pathway analysis. The 6 genes containing at least one SNP that yielded a 
P- value < 1.00E-04 (see Table 3) are indicated in bold.
Category Genes Significancea Adjusted significanceb
Cardiovascular disease 
(35/97 genes)
ACPP, AKAP6, BMPER, BRUN0L4, C30RF31, CDH13, CNTN3, CNTNAP2, DAB1, 
ENPP1, EPB41L4A, FAM130A2, GMDS, MAML2, MAP2K5, MEF2B, MICAL2, 
NR3C1, PKD1L2, PKP2, PNPLA7, RBMS3, RELN, RYR2, RYR3, SASH1, SCAPER, 
SLC7A2, S0RCS3, S0X5, SPAG16, THRB, TMEM132D, TRIO, UNC13B
5.96E-09 2.68E-06
Neurological disease 
(45/97 genes)
ACPP, ADCY2, ANXA6, ATP6V0A4, BRUN0L4, CAB39, CDH13, CNTNAP2, DABI, 
GAD2, GMDS, GPR88, GRM4, MAML2, MICAL2, MLLT3, NF1, NGFB, NR3C1, 
PIP4K2A, PKD1L2, PLA2G4A, PTPRG, RAG1, RBMS2, RBMS3, RELN, RYR2, 
RYR3, SCN11A, SLC1A3, SLC35C1, SLC6A1, SLC7A2, SNX27, S0RCS3, S0X5, 
SPAG16, TCF7L1, THRB, TMEM132D, TRIO, TRIP12, TUFT1, WDFY3
3.84E-08 6.57E-06
Endocrine system disorders 
(31/97 genes)
ADCY2, AKAP6, CDH13, CNTN3, CNTNAP2, DABI, ENPP1, EPB41L4A, FARP2, 
FLCN, GMDS, MAML2, ME3, MICAL2, NR3C1, PIP4K2A, PTPRG, RBMS3, RYR2, 
RYR3, SASH1, SCN11A, SLC6A1, S0RCS3, S0X5, SPAG16, TCF7L1, THRB, 
TMEM132D, TRIO, WDFY3
5.36E-06 2.19E-04
Gastrointestinal disease 
(21/97 genes)
ACPP, AKAP6, CDH13, CNTNAP2, DABI, EPB41L4A, GMDS, MAML2, MAP2K5, 
MICAL2, NR3C1, PKD1L2, PTPRG, RBMS3, RYR2, SLC6A1, S0RCS3, S0X5, 
TMEM132D, TUFT1, WDFY3
1.74E-05 5.60E-04
Inflammatory disease 
(32/97 genes)
ACPP, ADCY2, AKAP6, BRUN0L4, CDH13, CNTNAP2, DABI, ELM0D2, ENPP1, 
EPB41L4A, FARP2, GAD2, GMDS, MAML2, MAP2K5, MICAL2, MLLT3, NGFB, 
NR3C1, PKD1L2, PTPRG, RBMS3, RYR2, RYR3, SCN11A, SLC1A3, SLC6A1, 
S0RCS3, S0X5, SPAG16, TMEM132D, WDFY3
1.74E-05 5.60E-04
GWAS, genome-wide association study, ADHD, attention-deticit hyperactivity disorder, SNP, single nucleotide polymorphism 
a Single test P-values, b Multiple test-corrected P-values using the Benjaminl-Hochberg correction
Table 5 Top 5 gene functional subcategories of the ‘neurological disease' category that are significantly enriched in the top 
97 candidate genes from the GWAS for motor coordination problems in children with ADHD using Ingenuity pathway 
analysis. The 4 genes containing at least one SNP that yielded a P value < 10.00E-05 are indicated in bold.
Subcategory Genes Significancea Adjusted significanceb
Neurodegenerative disorder 
(22/97 genes)
ADCY2, ATP6V0A4, CDH13, CNTNAP2, DABI, GAD2, GMDS, GRM4, MICAL2, 
NR3C1, PLA2G4A, RELN, RYR2, RYR3, SCN11A, SLC1A3, SLC6A1, SLC7A2, 
S0RCS3, TMEM132D, TRIO, TUFT1
3.84E-08 6.57E-06
Progressive motor neuropathy 
(23/97 genes)
ADCY2, BRUN0L4, CDH13, DABI, GAD2, GMDS, MAML2, MLLT3, NF1, NR3C1, 
PKD1L2, RBMS2, SCN11A, SLC1A3, SLC35C1, SLC6A1, SOX5, SPAG16, THRB, 
TMEM132D, TRIP12, TUFT1, WDFY3
3.73E-07 2.10E-05
Amyotrophic lateral sclerosis 
(15/97 genes)
ADCY2, BRUN0L4, CDH13, DABI, GAD2, GMDS, RBMS2, SCN11A, SLC1A3, 
SLC35C1, SLC6A1, SPAG16, TMEM132D, TUFT1, WDFY3
1.09E-06 5.42E-05
Bipolar affective disorder 
(19/97 genes)
ACPP, CDH13, CNTNAP2, DABI, GAD2, GMDS, GRM4, NR3C1, PIP4K2A, 
PTPRG, RBMS3, RELN, SCN11A, SLC1A3, SNX27, SOX5, TCF7L1, THRB, 
TMEM132D
2.64E-05 7.40E-04
Schizophrenia 
(10/97 genes)
CNTNAP2, DABI, GAD2, GRM4, NR3C1, PIP4K2A, PLA2G4A, RELN, SLC6A1, 
SNX27
5.78E-04 1.01 E-02
GWAS, genome-wide association study, ADHD, attention-deticit hyperactivity disorder, SNP, single nucleotide polymorphism 
a Single test P-values
b Multiple test-corrected P-values using the Benjamlni-Hochberg correction
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GWAS OF MOTOR COORDINATION PROBLEMS IN ADHD
Discussion
This report describes the first GWAS of motor coordination problems. Although 
none of the associations reached genome-wide significance (P-value < 7.20E-08; 
Dudbrldge and Gusnanto, 2008), the findings are Intriguing and can give Input to 
further hypothesis-driven follow-up studies.
The finding that eight of the nine proteins encoded by the top-ranked findings from 
our GWAS (with P-values < 10.00E-05) function In a signalling network operating In 
neurlte outgrowth Is In line with another recent study of our group finding that 44 of 
the 85 top-ranked ADHD candidate genes from the five reported GWAS for ADHD 
are Involved In neurlte outgrowth (Poelmans et al, submitted). The finding that the 
same eight genes/protelns are also Involved In muscle function Is particularly 
Intriguing. Motor coordination problems should not be viewed merely as a neuronal 
problem. They are related to the whole range from cerebrum, cerebellum and motor 
neuron to neuromuscular junction and muscle sensors and cells. Motor skills are 
the result of different processes such as perceptual, feedback and learning 
processes, motor preparation and movement execution processes. These 
processes rely on the visual system, memory, attention, the balance system, the 
klnaesthetlc system (“feeling ones body”) and the motor effector system (Raynor, 
2001; Schoemaker et al, 2001; Visser, 2003; Geuze, 2005; Smlts-Engelsman et al, 
2008). Any defect In one of these processes or systems may lead to motor 
coordination problems. Thus, our findings of motor coordination associated genes 
that are expressed In both nerve tissue and muscle may provide a rationale for 
further studies of basic muscle function In DCD.
The blolnformatlcs analysis revealed that 45 of the 97 primary genes from the 
GWAS (P < 10.00E-04) fell Into the ‘ne u ro log ica l d isease ’ functional gene 
category. Among the most significantly enriched subcategories were 'progressive  
m oto r neuropa thy ’ and ‘am yotroph ic la tera l sc le ros is ’. Interestingly, a relationship 
between ADHD and Amyotrophic Lateral Sclerosis (ALS), an adult onset, polygenic 
disease of motor neuron degeneration (van der Graaff et al, 2009; Ravlts and La 
Spada, 2009; Valdmanls et al, 2009), has recently been hypothesized (Lule et al,
2008). The authors argue that many patients developing ALS fulfilled clinical char­
acteristics of ADHD In earlier years of their lives. At the neuroblologlcal level,
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there is evidence for hyperactivity of the giutamatergic system and a dopaminergic 
hypoactivity in both ADHD and ALS. Therefore, Lule et al. hypothesized that 
clinical features of ADHD may be a risk factor for the development of ALS. Our 
finding from the Ingenuity pathway analysis may provide further input to the 
hypothesis of Lule and coworkers. Whether children with ADHD and motor 
coordination problems might be at particularly high risk for developing ALS in 
later life needs to be explored in further studies.
The Ingenuity analysis further showed that the functional categories 'synaptic long  
term depression ' and ‘nervous system developm ent and func tion ’ were significantly 
enriched in the 97 top-ranked genes. It has been shown that long-term depression 
of neurotransmission leads to physical changes in neuronal circuits (Johnston,
2009). It is this neuronal plasticity that allows reorganization of neuronal networks 
and learning. Since motor learning disturbances, e.g. difficulties in mastering new 
motor skills like swimming and riding a bicycle, are a hallmark of motor coordination 
problems in children (Sugden, 2007), our results are particularly interesting.
In addition to the enrichment of motor neuropathy and ALS genes in the top-ranked 
findings from the GWAS, more evidence of genes involved in motor dysfunction is 
present in our data: COL6A1 codes for a collagen found in most connective 
tissues and important in organizing extracellular matrix components. Mutations in 
this gene are known to cause motor problems in Bethlem myopathy and Ullrich 
scleroatonic muscular dystrophy (Lampe and Bushby, 2005; Baker et al, 2007; 
Nadeau et al, 2009). Several patients with autosomal recessive myosclerosis 
have also shown mutations in this gene (Merlini et al, 2008). Another interesting 
finding was the association of motor coordination problems with the MAP2K5 
gene, a member of the mitogen-activated protein kinase family. Previously, this 
gene has been consistently associated with Restless Legs Syndrome (RLS) in 
GWAS (Winkelmann, 2008, Kemlink et al, 2009, Trenkwalder et al, 2009). RLS is 
a neurologic disorder characterized by uncomfortable and unpleasant sensations 
in the legs that occur at rest, usually at night, and induce an irresistible desire to 
move the legs. A large population-based study has recently reported a prevalence 
of RLS of 2% in children and adolescents without ADHD (Picchietti and Picchietti, 
2008), whereas up to 44% of children with ADHD have symptoms of RLS (Cortese 
et al, 2005). Several authors have suggested that RLS and ADHD share common 
risk genes (Schimmelmann et al, 2009; Reif, 2010). In this light, our finding of the
146
GWAS OF MOTOR COORDINATION PROBLEMS IN ADHD
MAP2K5 gene being associated with motor coordination problems in children 
with ADHD is interesting. A recent finding also links the CHD6 gene, another one 
of our main findings, to motor behaviour, as a deletion of exon 12 of this gene 
leads to motor coordination problems in a mouse model (Lathrop et al, 2010).
The association analysis of the candidate genes with the DCD-Q subscales (i.e. 
fine and gross motor scores, general coordination and control during movement) 
provided insight into the sources of motor impairment at an additional level. 
In that way, we were able to characterize the movement ‘domain’, that was 
influenced by the genetic variants identified. For 15 out of 59 tested SNPs, we 
found DCD-Q associations with P-values <0.05. The intergenic SNP rs11002745, 
located on chromosome 10, and SNP rs2839083, located 18.6 kb upstream of the 
COL6A1 gene on chromosome 21, survived multiple testing correction. The former 
SNP showed association with gross motor problems, the latter SNP was 
associated with fine motor problems as well as control during movement. Since 
children with motor coordination problems show a heterogeneous phenotype 
with some of them being mainly disturbed in fine and others in gross motor 
performance (Polatajko and Cantin, 2005; Green et al, 2008), it is not surprising 
that we find these different associations.
Since this is the first GWAS of motor coordination problems, it is only a first step 
in identifying genetic factors contributing to these problems. Our study was 
underpowered, even though we collected a large sample of children with motor 
coordination problems in which we tried to increase genetic homogeneity of the 
motor coordination problem by focusing on children with ADHD only.
A potential limitation of our study is the sparseness of the motor assessment in 
the international IMAGE sample, with only one question pertaining to motor 
problems in the PACS. Recognizing this, we chose a conservative approach in 
pooling the unaffected and possibly affected individuals together as non-affected, 
which has probably reduced the power of our study. Still, the affected group might 
show different types of motor problems, as is also suggested by the fact that 28% 
of persons scoring positive for motor problems on PACS scored negative on the 
more extensive DCD-Q. The overall correlation of the PACS item with the total 
DCD-Q score was thus modest, which on the one hand supports the validity of
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the PACS item but on the other hand also Indicates that this Item and the DCD-Q 
measure somewhat different movement problems. It would have been preferable 
to use objective motor tests In our study. However, these tests are time-consuming, 
expensive and less compatible with testing large samples of children, as was 
done In our study. Nevertheless, the substantial evidence of the Involvement of 
the genes from the top- ranks of this GWAS In other movement disorders strongly 
validates our approach.
Taken together, ourflndlngs raise the Intriguing possibility that motor coordination 
problems are associated with genes expressed In both nerve tissue and skeletal 
muscle. Replication studies In Independent samples are necessary to confirm or 
refute the presented results. However, despite extensive efforts from our side to 
find such samples, at the current time, they do not seem to be available In the 
International research community.
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Supplementary file 1
Signalling through the proposed network can be initiated at the skeletal muscle cell 
membrane (Fig.1, a) by ADCY2 (adenylate cyclase 2), a cell membrane protein that 
is also found in the cytoplasm and that is expressed in skeletal muscle and brain 
(Sunahara and Taussig, 2002). ADCY2 is activated by the binding of hormones such 
as dopamine and prostaglandin to cell surface receptors which interact with 
intracellular G proteins (not shown in Fig. 1).
ADCY2 produces cAMP (Jones and Kuhar, 2006), which subsequently activates PKA 
(protein kinase A) (Fig.1, b) and can be negatively regulated by the inhibitory G 
protein subunit GNAI2 (Grishina and Berlot, 1997). In skeletal muscle, PKA activates 
the transcription factor function of catenin beta (CTNNB) (Hino et al, 2005) and 
inhibits AMPK (Djouder et al, 2010) and MAPK7 (Pearson et al, 2006) (see below) 
(Fig.1, b). PKA is targeted to the proteins it activates or inhibits by the PKA anchoring 
protein AKAP6 (Fig.1, c), expressed in skeletal muscle and brain, and encoded by 
AKAP6 (Dodge-Kafka and Kapiloff, 2006), one of the 97 candidate genes containing 
at least one GWAS SNP with P < 1.00E-03 (see Supplementary Table 1). CTNNB can 
also be bound and transactivated by TCF7L1, another transcription factor (Fig.1, c). 
In the nucleus of skeletal muscle cells, CTNNB functions as a transcription factor 
(Fig.1, c) that promotes the self-renewal of these cells (Perez-Ruiz et al, 2008). The 
kinase MAPK7 (also known as: ERK5), which is highly expressed in brain and skeletal 
muscle (Fig.1, b), is also activated by MAP2K5. MAP2K5 is itself a cytoplasmic 
kinase (Fig.1, b) that is expressed in many tissues, including skeletal muscle - where 
it is particularly abundant - and brain, and that is activated in a signalling cascade 
downstream of IGF-2, a growth factor that initiates important signals in myogenesis 
(Carter et al, 2009). Upon activation, MAPK7 translocates to the nucleus where it 
activates/phosphorylates transcription factors of the MEF2 (myocyte enhancer factor 
2) protein family (Fig.1, c). The MEF2 proteins, in turn, upregulate the transcription 
and expression of numerous muscle-specific genes by specifically binding to the 
MEF element/domain in these genes (Fig.1, c).
In this way, the MEF2 proteins are e.g. involved in skeletal muscle glucose uptake by 
upregulating the expression of the GLUT4 glucose transporter (Zorzano et al, 2005; 
Wright, 2007; Lira et al, 2007).
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Figure 1 Schematic representation of the function of a gene/protein network 
potentially contributing to motor coordination problems in children 
with ADHD by influencing skeletal muscle cell (SMC) function.
The eight proteins encoded by genes containing at least one SNP yielding a P value < 1.00E- 
04 In the GWAS for motor coordination problems in children with ADHD are indicated In yellow.
The proteins that are encoded by AKAP6, MEF2B - two genes that contain at least one SNP 
associated at P < 1.00E-03 (Supplementary Table 1) - and NOS1 - a gene found associated with 
ADHD In the GWAS by Lasky-Su et al. (Lasky-Su et al, 2008) - are Indicated In orange. A more 
elaborate description of the network can be found In Supplementary File 1.
a : cell membrane ; b : cytoplasm ; c : nucleus ; d : mitochondrion ; 
e : extracellular matrix/compartment
Another ubiquitously expressed transcription factor in the network is CHD6. CHD6 
activates NRF2 (Nioi et al, 2005), another transcription factor that is also widely 
expressed, with highest expression in (adult and fetal) muscle (Fig.1, c). NRF2 
upregulates the expression of GNAI2, the negative regulator of ADCY2 (see above), 
by transactivating the GNAI2 promoter (Arinze and Kawai, 2005).
Also contributing to the network is SLC7A2, a membrane transporter (Fig.1, a) for the 
cationic amino acids (arginine, lysine and ornithine) that is (highly) expressed in
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skeletal muscle and brain (Colton et al, 2006). One of the major products of 
Intracellular arginine Is nitric oxide (NO) (Fig.1, b and Fig.1, e), which Is synthesized 
by the NOS1 enzyme In skeletal muscle (Grozdanovlc, 2001; Harris et al, 2008) 
(Fig.1, b). NO stimulates the expression of the GLUT4 glucose transporter In skeletal 
muscle through AMPK and MEF2 proteins (Zorzano et al, 2005; Wright, 2007; Lira et 
al, 2007) (Fig.1, b and Fig.1, c). FLCN encodes the cytoplasmic folllculln (Fig.1, b), 
Is expressed In many tissues Including skeletal muscle and brain and Is directly 
activated by the AMPK kinase (Wang et al, 2010). FLCN Is also directly Involved In 
mTOR kinase signalling pathways (not shown In Fig.1), which are important for skeletal 
muscle protein synthesis and hence skeletal muscle mass (Fujita et al, 2007).
In addition to the network involved in muscle maintenance and function as described 
above, two additional genes from the top findings play a role in muscle function: 
PLD6, encoded by PLD6, is a protein that is located in the (outer) membrane of 
mitochondria (Fig.1, b and Fig.1, d). It induces mitochondrial fusion through the 
formation of a dimer with a PLD6 protein on the outer membrane of a nearby 
mitochondrion (Choi et al, 2006).
WDFY3 is highly expressed in skeletal muscle and brain and encodes WD repeat and 
FYVE domain-containing protein 3, a membrane protein that targets cytosolic protein 
aggregates for autophagic degradation (Simonsen et al, 2004). Both mitochondrial 
fusion (Zorzano, 2009; Zorzano et al, 2010; Ding et al, 2010) and autophagic 
degradation (Schoser, 2009; Raben et al, 2009) play important roles in (ab)normal 
skeletal muscle function.
Importantly, most of the genes and signalling cascades described above, and most 
notably the GNAI2-ADCY2-PKA-CTNNB (Sunahara and Taussig, 2002; Jones and 
Kuhar, 2006; Hino et al, 2005; Votin et al, 2005) and MAP2K5-MAPK7-MEF2 (Li et 
al, 2001; Liu et al, 2003; Lam and Chawla, 2007) cascades and NRF2 (Kosaka et al,
2010) also function in neurite outgrowth (Poelmans et al, submitted).
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Supplem entary Table 1
List of 97 genes harboring at least one SNP located in an exonic, intronic or 
untranslated region of the gene and with association at P < 10.00E-04 (after 
correction for multiple testing).
Gene Full name
A2BP1 ataxin-2-binding protein 1
ACACA acetyl-coenzyme A carboxylase alpha
ACPP acid phosphatase, prostate
ADCY2 adenylate cyclase 2
ADCY6 adenylate cyclase 6
AKAP6 A kinase anchor protein 6
ANXA6 annexin A6
ARMC3 Armadillo repeat containing 3
ATP6V0A4 ATPase, H+ transporting, lysosomal VO subunit a4
BFSP1 beaded filament structural protein 1, filensin
BMPER BMP binding endothelial regulator
BRUNOL4 bruno-like 4, RNA binding protein (Drosophila)
C3orf31 chromosome 3 open reading frame 31
C8A complement component 8, alpha polypeptide
CAB39 calcium binding protein 39
CAPN9 calpain 9
CDH13 cadherin 13, H-cadherin
CHD6 chromodomain helicase DNA binding protein 6
CNTN3 contactin 3
CNTNAP2 contactin associated protein-like 2
CRYGN crystallin, gamma N
DAB1 disabled homolog 1 (Drosophila)
DCPS decapping enzyme, scavenger
DIP encodes mitochondrial protein DIP
ELMOD2 ELMO/CED-12 domain containing 2
ENPP1 ectonucleotide pyrophosphatase/phosphodiesterase 1
EPB41L4A erythrocyte membrane protein band 4.1 like 4A
EZR ezrin
FAM130A2 cysteine-serine-rich nuclear protein 3
FAM155A family with sequence similarity 155, member A
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Gene Full name
FARP2 FERM, RhoGEF and pleckstrin domain protein 2
FLCN folliculin
FLJ45455
FLJ45994
GAD2 glutamate decarboxylase 2 (pancreatic islets and brain, 65kDa)
GMDS GDP-mannose 4,6-dehydratase
GORASP1 golgi reassembly stacking protein 1, 65kDa
GPR88 G protein-coupled receptor 88
GRM4 glutamate receptor, metabotropic 4
LCMT2 leucine carboxyl methyltransferase 2
LIPA lipase A, lysosomal acid, cholesterol esterase
LRRC50 leucine rich repeat containing 50
MACROD2 MACRO domain containing 2
MAML2 mastermind-like 2 (Drosophila)
MAP2K5 mitogen-activated protein kinase kinase 5
ME3 malic enzyme 3, NADP(+)-dependent, mitochondrial
MEF2B myocyte enhancer factor 2B
MICAL2 microtubule associated monoxygenase, calponin and LIM domain containing 2
MLLT3 myeloid/lymphoid or mixed-lineage leukemia; translocated to, 3
MY01B myosin IB
NCKAP1L NCK-associated protein 1-like
NF1 neurofibromin 1
NGFB nerve growth factor (beta polypeptide)
NIP30
NR3C1 nuclear receptor subfamily 3, group C, member 1 (glucocorticoid receptor)
PIP4K2A phosphatidylinositol-5-phosphate 4-kinase, type II, alpha
PKD1L2 polycystic kidney disease 1-like 2
PKP2 plakophilin 2
PLA2G4A phospholipase A2, group IVA (cytosolic, calcium-dependent)
PLD6 phospholipase D6
PNPLA7 patatin-like phospholipase domain containing 7
PTPRG protein tyrosine phosphatase, receptor type, G
PTPRQ protein tyrosine phosphatase, receptor type, Q
RAG1 recombination activating gene 1
RBMS2 RNA binding motif, single stranded interacting protein 2
RBMS3 RNA binding motif, single stranded interacting protein
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Supplem entary Table 1
Continued.
RELN reelin
RNF20 ring finger protein 20
RYR2 ryanodine receptor 2
RYR3 ryanodine receptor 3
SASH1 SAM and SH3 domain containing 1
SCAPER S-phase cyclin A-associated protein in the ER
SCN11A sodium channel, voltage-gated, type XI, alpha subunit
SH3D19 SH3 domain containing 19
SLC1A3 solute carrier family 1 (glial high affinity glutamate transporter), member 3
SLC35C1 solute carrier family 35, member C1
SLC6A1 solute carrier family 6 (neurotransmitter transporter, GABA), member 1
SLC7A2 solute carrier family 7 (cationic amino acid transporter, y+  system), member 2
SNX27 sorting nexin family member 27
SORCS3 sortilin-related VPS10 domain containing receptor 3
SOX5 SRY (sex determining region Y)-box 5
SPAG16 sperm associated antigen 16
ST8SIA4 ST8 alpha-N-acetyl-neuraminide alpha-2,8-sialyltransferase 4
SVOPL SVOP-like
TBCA tubulin folding cofactor A
TCF7L1 transcription factor 7-like 1
THRB thyroid hormone receptor, beta
TMEM132D transmembrane protein 132D
TMPRSS5 transmembrane protease, serine 5
TNRC4 trinucleotide repeat containing 4
TRIO triple functional domain (PTPRF interacting)
TRIP12 thyroid hormone receptor interactor 12
TUFT1 tuftelin 1
TYW1B tRNA-yW synthesizing protein 1 homolog B (S. cerevisiae)
UCP1 uncoupling protein 1 (mitochondrial, proton carrier)
UNC13B unc-13 homolog B (C. elegans)
WDFY3 WD repeat and FYVE domain containing 3
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Supplem entary Table 2 Continued.
Gene Full name Locus Gene description Involvement in relevant disorders *
PLD6 phospholipase D6 17p11.2 encodes a protein that is located in 
the mitochondrial membrane and 
that is involved in mitochondrial 
fusion
WDFY3 WD repeat and FYVE 
domain containing 3
4q21.23 encodes a protein with WD repeats 
and a FYVE domain; highly 
expressed in brain and skeletal 
muscle
lies within linkage region for SCZ (NPL 2.00) 
(Faraone et al, 2006); 
bipolar disorder (LOD 2.00)
(McAuley et al, 2008)
MAP2K5 MAP kinase kinase 5 15q23 encodes the dual specificity 
mitogen-activated protein kinase 
kinase 5; expressed in brain and 
skeletal muscle
related to Restless Legs Syndrome 
(Schimmelmann et al, 2009)
FLCN folliculin 17p11.2 encodes a protein that is expressed 
in many tissues including brain and 
skeletal muscle
ADCY2 adenylate cyclase 2 5p15.31 encodes a cell membrane protein 
that is expressed in brain and 
skeletal muscle
* from SLEP (Sullivan Lab Evidence Project) website and literature
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Summary and General Discussion

SUMMARY AND GENERAL DISCUSSION
Discussion
ADHD is a highly heritable, multifactorial neurodevelopmental disorder with a 
high Impact on dally life. Children with ADHD are overactive In their motor behavior, 
but often are clumsy as well. In other words, motor coordination problems 
frequently accompany ADHD. Planning and timing of motor behavior Is disturbed 
In these children, which leads to difficulties when going to sit on a chair, planning 
to jump or catch a ball, for example. Grlpforce Is often too strong, resulting - for 
Instance - In being unable to pick up a strawberry without crushing It. Balance Is 
not optimal leading to problems with riding a bicycle. These children may also 
have problems with writing, tying shoelaces or buttoning their clothes. They seem 
to rely heavily on visual Information, so they have difficulties, e.g., when climbing 
stairs In the dark. Also, It takes them a long time to learn new motor behavior such 
as swimming. The described problems are usually referred to as Developmental 
Coordination Disorder (DCD).
Motor coordination problems are among the least studied comorbldltles of ADHD. 
However, they are an Important predictor for additional problems such as poor 
self-perception, academic failure, poor social contacts, low participation In play 
and sports, with non-optlmal health as a result (Cummins et al, 2005; Piek et al, 
2008; Plek et al, 2007). More knowledge about this comorbidity may help to 
Improve treatment of children with ADHD and motor problems.
This thesis aimed at studying the relationship between ADHD and motor 
coordination problems. As we mainly used questionnaires for the assessment of 
such motor problems and performed a clinical assessment by the Movement 
ABC In only a subgroup of children, we cannot claim to have studied DCD, and 
refer to motor coordination problems In the various chapters. Both the clinical and 
the family-genetic aspects of the combination of these disorders were examined. 
The dissertation Is divided Into two parts to cover the research questions. In Part 
1 the burden of motor problems In ADHD was examined, as were the occurrence 
of motor problems In children with ADHD and their relationship with age and 
gender. Also the relationship between children’s self-perceived performance and 
their actual motor performance was evaluated, as were factors determining 
whether children with ADHD and motor problems will be treated for their motor
167
CHAPTER 7
problems. In Part 2 the etiology of ADHD plus motor problems was addressed. 
We studied to what extent the comorbidity of ADHD and motor problems Is due to 
common familial factors, and which genes are Involved In causing the motor 
dysfunction.
The results of the studies described In this thesis allow a discussion on three 
points, I.e. on diagnosis, treatment and disease etiology of the ADHD-comorbld 
motor condition.
Diagnosis
Issues to be discussed under this point focus on gender and the Implications of 
our findings for the early detection of motor coordination problems.
As shown In C hapter 2, serious motor coordination problems were observed In 
one third of all children with ADHD. Not only young children, but also teenagers 
performed poorly on motor aspects. An Interesting point observed Is the similarity 
In motor coordination problems between boys and girls. In general, boys seem to 
be more often affected with motor problems than girls. One of the potential 
explanations for this observation Is given by the maturatlonal theory, which 
stresses that boys mature later than girls. In normally developing children girls 
have better motor performance compared to boys of the same age, which Is 
viewed as a manifestation of girls’ brains maturing faster than boys’. Also In 
studies of motor-affected children, girls seem to be less affected by motor 
problems than boys (Ungam et al, 2009; Wilson, 2005; Mlssluna et al, 2008). In 
concordance with this, In our study reported In C hapter 2 of this thesis, ADHD- 
unaffected girls also performed better than boys; however, girls with ADHD were 
just as often affected with motor problems as boys with ADHD. This conclusion 
was supported by Information from both parents and teachers. A potential 
explanation for the discrepancy between the studies - In addition to the differences 
In the Instruments used - could be that In the other studies the children were 
selected for Inclusion based on motor problems rather than ADHD. Importantly, 
maturatlonal factors also seem to be Involved In ADHD etiology, where longitudinal 
data suggest that ADHD In childhood Is characterized by a delay In cortical
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maturation (Shaw and Rabin, 2009). For that reason, the brains of ADHD-affected 
girls might not be able to ‘recover’ as fast as those of normally developing 
children.
An interesting recent study comparing development of soft neurological signs in 
boys and girls with ADHD indicated that girls performed similarly to age-matched 
controls, whereas boys with ADHD differed from controls in motor overflow and 
dysrhythmia (Cole et al, 2008). Age-related improvements were observed only in 
control children and in girls with ADHD, but not in ADHD-affected boys. However, 
boys were probably tested at too early an age in this study (mean age 10.2 years), 
and possibly the (earlier maturing) girls had already outgrown their soft 
neurological signs. Another limitation of the above mentioned study is the cross- 
sectional rather than longitudinal design. Moreover, the implication of soft 
neurological signs is debatable and probably does not have a strong relationship 
with the every-day motor difficulties as studied in our sample.
Results reported in C hapter 3 revealed that children with ADHD underestimated 
their motor problems. Only the children with the poorest motor performance as 
measured with the Movement ABC (MABC) test also perceived themselves as 
poor performers. Overestimation of one’s performance is a known phenomenon 
in ADHD in other aspects of daily life (Hoza et al, 2002; Hoza et al, 2004). This is 
called the “positive illusionary bias”. In children without ADHD the perception of 
their motor performance correlated well with their actual performance.
Even though most children with ADHD did not perceive their motor performance 
as poor, it remains important to examine a child with ADHD for the presence of 
motor coordination problems. Children with motor problems clearly face difficulties 
with every-day routine tasks. Also, motor difficulties contribute significantly to 
children’s academic and social problems (Missiuna et al, 2006). Moreover, in 
research with children with ADHD it is important to realize that the presence of 
movement disorders can confound the results of such studies (Piek et al, 2004). 
For example, when studying executive functions in neuropsychological tests 
motor ability accounts for variance in tasks measuring speed of performance. 
This may lead to a false interpretation of the test results.
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An important question concerns the optimal age for diagnosis of motor 
coordination problems. In our study children were included from the age of 5 
years and motor coordination problems were detected already in the youngest 
age group. Fact is that in group 1 of regular elementary school in The Netherlands, 
which includes children of age 4 to 5 years, the children are asked to draw, to use 
colour pencils and to engage in play requiring basic motor abilities such as rolling 
a ball, jumping and standing on one leg. They even go up for their first “exam”: 
tying a shoelace. Thus, children with motor coordination problems already have a 
disadvantage at this young age. This implies that early detection of motor 
problems, even at preschool age, is of clinical importance. Children with ADHD, 
who at this age usually do not have an official diagnosis of this disorder, are more 
likely to show motor coordination problems. Diagnosis of motor problems may 
therefore precede that of ADHD in these children.
Who could play a role in the early diagnosis of motor coordination problems? 
There are a number of possibilities that come to mind. In The Netherlands, 97% of 
young children are seen several times in the first years of their life at Preventive 
Health offices (“consultatiebureaus”, “Centra voor Jeugd en Gezin”) by a trained 
physician and nurse. Growth and development are checked and vaccinations are 
administered. It seems reasonable and pragmatic that the Preventive Health 
offices could play a role in signalling of motor coordination problems even at this 
young age. They should be extra alert to delayed motor development if ADHD is 
known to occur in a family and the medical history of a child includes known risk 
factors for motor deficits, such as low birth weight and perinatal problems (Lehn 
et al, 2007). Next to the physicians in preventive care, also the family physicians 
should be aware of the high frequency of coexisting motor deficits in ADHD. This 
would imply the necessity for more training in this field.
In addition to health care, the educational system can identify children with ADHD 
and motor problems early on. As all neurodevelopmental disorders seem related 
to each other at a young age (Gaines and Missiuna, 2007), children participating 
in early intervention programmes should be evaluated for all aspects of their 
development. Therefore, teachers should be extra alert if young children show 
delays in motor development or speech and language development. At school 
age, all children are also seen by trained doctors from the National School Health
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Service for routine health examinations at age 4, 6 and 9 years. It seems pragmatic 
to let them play a role in the identification of children with a neurodevelopmental 
disorder such as ADHD and motor coordination problems. Increased awareness 
of the high prevalence of the co-occurrence of these disorders is a prerequisite 
and additional education in this field may be necessary.
An important requirement for early detection of motor problems is a reliable set of 
criteria to identify children at risk of motor coordination problems. Screening-lists 
are useful in the general population (Cairney et al, 2008; Rosenbaum et al, 2009), 
and questionnaires may be a good way of gathering information at the Preventive 
Health offices. The Developmental Coordination Disorder Questionnaire (DCD-Q) 
has been validated for children from age 4 years (Schoemaker et al, 2006) and 
performed well in the current study. Children suspected of motor coordination 
problems should be referred for additional motor performance testing. The MABC 
is the best-known instrument for this, it has a good validity and interrater liability 
(Henderson and Sugden, 1992). However, the MABC scores indicating motor 
coordination problems do not predict exactly what kind of problems the child 
encounters in every-day life. If the MABC score is broken down into the three test 
components (fine motor skills, ball skills, static and dynamic balance), one 
observes very different profiles within the group of affected children. It might be 
that a child has great difficulties in ball skills, but is well able to draw and write, 
whereas another child is good at ball sports but shows great difficulties in fine 
motor tasks. In our MABC study reported in C hapte r 3, we found that in children 
with ADHD manual dexterity contributed most to the diagnosis of motor 
coordination problems. These children had problems mainly in fine motor 
performance. Since this has been described before (Piek et al, 1999), we might 
be heading towards a MABC profile specific for children with ADHD. This may 
help to increase the feasibility of using a simplified testing battery in daily practice. 
Since motor coordination problems can be diagnosed at an earlier age than 
ADHD, if a child with motor coordination problems presents with mainly fine motor 
disturbances, extra attention should be paid to ADHD symptoms.
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Treatment
There is a need to recognize that ADHD and motor coordination problems are 
comorbid conditions with distinct problems that need to be considered in 
intervention. Do children with ADHD plus motor coordination problems need more 
or other treatments? For ADHD, international treatment guidelines have been 
formulated which emphasize psycho-education and medication. For motor 
problems no such guidelines are available to date.
For ADHD methylphenidate is the medication of first choice. Choice of medication 
might become more personalized in the future, depending on the genetic profile 
of a child (pharmacogenetics). This may reduce the (commonly seen) side-effects 
now encountered in pharmacotherapy of ADHD (Stein and McGough, 2008). Few 
studies have been performed on the effects of methylphenidate on motor 
problems. A clear positive effect of methylphenidate was seen in a small study on 
fine motor performance and handwriting (Flapper et al, 2006). A review on 
graphomotor skills and treatment by methylphenidate also indicated an interaction 
between attentional functions and handwriting (Lange et al, 2007). Handwriting 
improved, but did not become more fluent, which may be explained by the fact 
that children with ADHD use their increased attentional capacities to focus more 
on handwriting, leading to improved accuracy, but less fluency. In a group of 
children with both ADHD and DCD, treatment with methylphenidate improved 
ADHD symptoms, motor functioning and quality of life (Flapper and Schoemaker,
2008). On the whole, however, administration of methylphenidate alone seems 
insufficient to treat children with ADHD and motor coordination problems.
For motor coordination problems treatment options include, among others, 
physiotherapy, neuromotor task training (NTT) and cognitive motor approaches, the 
so-called Cognitive Orientation to Occupational performance (CO-OP) (Schoemaker 
et al, 2003; Polatajko et al, 2001; Wilson, 2005; Wann, 2007). These latter methods 
place the child at the centre of the therapy, asking the child to prioritize what it wants 
to learn to enhance motivation and take a cognitive approach. NTT and CO-OP have 
been proven to be effective, whereas the evidence for the efficacy of the older, 
deficit-oriented approaches remains inconclusive (Polatajko and Cantin, 2005; 
Polatajko and Cantin, 2007; Missiuna et al, 2001; Riethmuller et al, 2009).
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In C hapter 4 we analysed In children from the IMAGE sample whether motor 
problems are always treated. It turned out that only half of motor-impaired children 
had received physiotherapy which Is the most frequently used therapy In 
The Netherlands. Of course, this sample consisted of children with ADHD In addition 
to motor problems. The focus of treatment In these children Is probably on the 
ADHD symptoms and therefore, this sample may not have been representative of 
motor-affected children In the general population. Also the presence of additional 
comorbld psychiatric conditions Influenced referral for motor-treatment: children 
with anxiety disorder and conduct disorder were treated even less often.
Children with ADHD plus motor coordination problems are, no doubt, doubly 
disadvantaged. Moreover, sometimes they even have additional problems: next 
to their motor and behavioral problems they often have poor social abilities. This 
has been ascribed to poor vlsuo-spatlal organisation which may Influence the 
ability to accurately perceive emotional cues (facial expression and body 
language) provided by peers (Cummins et al, 2005). If children with ADHD plus 
motor coordination problems do have more social problems than children with 
ADHD alone, this may Imply the need for an additional therapeutic direction. 
Social manners can be enhanced by means of group training. Children of the 
same age practice In matters such as getting to know someone new, reacting to 
bullying, asking to participate In play, making friends. This type of training Is not 
usually offered to children with ADHD nor to those with motor coordination 
problems, but may Improve their quality of life. From the above It may be clear 
that no single approach works for all children. Individualized treatment programs 
based on a child’s profile rather than on a categorical diagnosis are necessary.
Another Important Item to discuss In the context of treatment Is how treatment 
should be organized. In my opinion, the assessment and management of children 
with developmental disorders as described In this thesis should consist of 
multimodal Interventions: medical, educational and parental. Regarding motor 
Impairment many of the difficulties encountered by children with motor coordination 
problems could be addressed at school and at home. This Implies that physio­
therapists, occupational therapists, but also teachers and parents can play a role 
In the treatment. A recent review focussing on Interventions to Improve motor 
development In preschool-aged children reported statistically significant
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improvements on follow-up for 60% of interventions (Riethmuller et al, 2009). 
Five out of 17 studies involved teachers delivering the intervention, and three 
involved parents. The review emphasizes the limited quantity and quality of the 
studies reviewed and stresses that studies are difficult to compare with each 
other. However, the authors make some recommendations. Empowering parents 
and teachers to become “developmental coaches” clearly seems worthwhile. 
Parental involvement is also imperative in providing opportunities, encouragement 
and support for physical activity.
The need for different health care professionals, for example the physiotherapist 
treating motor problems, the psychologist treating ADHD, the family physician 
responsible for general care, the pediatrician and child psychiatrist prescribing 
medication, and a lack of communication between these professionals often 
compartmentalizes and fragments the necessary care. This not only bears the 
danger of undertreatment, but the delay in supporting the child may further 
decrease his or her feelings of self-worth. Parents and parent’s organizations, 
school officials, physicians, physiotherapists and psychologists should therefore 
work together in helping these children to reach their maximal potential.
As far as new therapies are concerned, neurofeedback seems promising for 
ADHD as recently established and reviewed (Arns et al, 2009; Gevensleben et 
al, 2009). However, there is not yet any information available on the effects of 
neurofeedback on motor coordination problems. Non-invasive cortical stimulation 
has been studied for both treatment of ADHD and for motor skill acquisition, with 
positive results for both (Reis et al, 2009). Regarding ADHD symptoms dietary 
measures also show effect in some studies, most of them focussing on the omega 
fatty acids. However, a recent review on the use of fatty acids in ADHD did not 
support primary or supplementary treatment for children with ADHD (Raz and 
Gabis, 2009). “Few food” diets seem promising to diminish hyperactivity, 
impulsivity and inattention in some children (Sinn and Bryan, 2007; Sinn, 2008; 
Pelsser et al, 2009a; Pelsser et al, 2009b). Dietary effects on motor performance 
have not yet been studied.
Is there room for prevention? Preventive health care tries to reduce the risk of 
common disorders. For the future, genetics may play a role in identifying
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vulnerability for certain developmental problems in children. Should we aim to 
use genetic profiles as markers for increased risk? Should we anticipate problems, 
instead of waiting for symptoms to arise? These are questions that might become 
relevant in the near future.
With our study described in C hapter 6 we tried to seek the identification of relevant 
genetic risk factors. However, the variance explained so far by genetic risk factors 
is far from being sufficiently predictive of ADHD with or without motor coordination 
problems.
If perinatal hypoxia is a major cause of changes to the immature brain of children 
with motor coordination problems, this might have clinical consequences in the 
shorter term. I.e. in obstetric complications leading to oxygen perfusion 
disturbance there might be a new role for induced hypothermia by means of head 
cooling. Mild hypothermia has been shown to be neuroprotective and predicts 
better outcome in perinatal adversity with hypoxia in term newborns (Lin et al, 
2006; Jacobs et al, 2007; Sarkar et al, 2009).
Etiology and disease outcome
The pathophysiological backgrounds of ADHD and developmental coordination 
disorder are largely elusive. Environmental influences are known to play a role, 
especially pre- and perinatal adversity. It has been suggested that such stressors 
interfere with the formation of striatal brain circuits (Sharp et al, 2003; Castellanos 
et al, 2002). The basal ganglia as well as the cerebellum are among the 
metabolically most active structures of the neonatal brain and are therefore very 
sensitive to hypoxia (Banerjee et al, 2007). However, many children with ADHD 
and motor coordination difficulties have no known perinatal damage.
Genetic influences are very important in disease etiology as well, with (most likely) 
multiple genes per patient contributing and probably different predisposing gene 
variants in different persons. In addition to the polygenic and heterogeneous 
genetic background, gene-gene and gene-environment interactions further 
complicate research into etiological pathways.
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The evidence presented in this thesis supports the view that ADHD and motor 
coordination problems share part of their etiologic background. As shown in 
C hapte r 5 using an ADHD concordant and discordant sibling design plus controls 
in conjunction with structural equation modelling the familial correlation between 
motor performance measures and ADHD was 0.38. So, these disorders have an 
overlapping familial background, though based on the sibling design of the study 
we could not distinguish between genetic or shared environmental factors. 
That the two disorders indeed share genetic background was established by a 
twin study (Martin et al, 2006). These authors showed a strong additive genetic 
component shared between most subtypes of ADHD and DCD. A recent study in 
a small sample of monozygotic twins emphasizes the importance of the 
environmental factors, especially in DCD, with second-born twins being more 
often affected, having experienced more perinatal oxygen perfusion problems 
(Pearsall-Jones et al, 2009).
Our study described in C hapte r 5 also suggests that ADHD plus comorbid motor 
problems compared to ADHD-only does not constitute a more severe form of 
ADHD. This seems to make motor problems different from other ADHD-comorbid 
disorders, as recently described in a study of both clinical and community children 
with ADHD, in which the children with ADHD and comorbid problems had a more 
severe form of ADHD compared to children with ADHD-only and were more 
impaired in daily life (Bauermeister et al, 2007). However, motor problems were 
not included in their list of comorbidities. Nevertheless, ADHD with comorbid 
motor problems predisposed to a much poorer outcome than ADHD only in a 
longitudinal design in Sweden (Rasmussen and Gillberg, 2000). Potentially, our 
study was insufficiently powered to identify effects on ADHD severity.
In C hapter 6 we elaborate on the findings of a possible common genetic 
background for ADHD and motor coordination problems. In this study we 
performed a genome-wide association study (GWAS) for motor coordination 
problems arguing that in a sample mainly ascertained for ADHD the (assumed) 
genetic heterogeneity of the motor problems might be reduced.
Our GWAS on motor coordination problems was the first study of its kind and 
definitely needs replication in independent samples of children. However, the
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findings (although not reaching genome-wide significance) are undoubtedly 
interesting. Genes that have to do with synaptic long-term depression were 
associated with motor coordination problems. Long-term depression of 
neurotransmission has been shown to lead to physical changes in dendritic 
spines and neuronal circuits (Johnston, 2009). This neuronal plasticity allows to 
reorganize neuronal networks and to learn new (motor) skills. Also genes involved 
in nervous system development and function were enriched in the findings, next 
to genes involved in other motor dysfunction disorders, i.e. neuropathy and 
Amyotrophic Lateral Sclerosis (ALS). This is an interesting finding, since ALS and 
ADHD have been hypothesized to be related (Lule et al, 2008). Hyperactivity in 
the glutamatergic system and a dopaminergic hypoactivity are characteristics of 
both ADHD and ALS. Also, many patients developing ALS fulfilled clinical 
characteristics of ADHD in earlier years of their lives according to Rothstein and 
coworkers (Rothstein, 2009). Potentially, it is ADHD cases with comorbid motor 
coordination problems that are particularly prone to developing ALS later in life. If 
this is confirmed in other studies, early diagnosis of motor problems in ADHD 
children and exploring potential preventive treatment strategies will become even 
more clinically relevant.
Interestingly, a gene that earlier has been found genome-wide significantly 
associated with Restless Legs Syndrome (RLS), the MAP2K5 gene, was among 
the top findings of our study (Winkelmann, 2008, Kemlink et al, 2009, Trenkwalder 
et al, 2009). A partially overlapping genetic background for ADHD and RLS has 
been proposed before (Schimmelmann et al, 2009). Possibly, variation in this 
MAP2K5 gene can enhance the risk for three disorders: Restless Legs Syndrome 
and motor coordination problems and ADHD. Even more interesting is the finding 
for CHD6, given the recent finding of motor coordination problems in a mouse 
model deleted for exon 12 of this gene (Lathrop et al, 2010).
A literature search indicated that many of the top-genes of our GWAS actually 
played a role in neuronal migration and axonal guidance. These genes seem to 
be particularly good candidates for the development of ADHD-comorbid motor 
coordination problems. Neuronal migration and the outgrowth of axons/neurites 
are fundamental processes during development of the brain. Depending on 
where and when during gestation a problem arises, the deficits could well
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contribute to the development of motor coordination problems. This is supported 
by the fact that some cases of cerebral palsy arise from neuronal migration 
disruptions (Tsutsui et al, 1999; Spalice et al, 2009), and according to some 
authors cerebral palsy is etiologically related to motor coordination problems 
(Pearsall-Jones et al, 2009). In ADHD-only these pathways seem to play a role as 
well (Franke et al, 2009); Poelmans et al, submitted). This has been shown in five 
GWAS for ADHD, two of which based on the IMAGE sample, in which 44 of the 85 
top-genes were shown to fit into a network supporting neurite outgrowth.
Our GWAS also revealed genes that were expressed in skeletal muscle in addition 
to their expression in nerve tissue. With this finding we give new input to an older 
theory that next to central nervous system also muscle function is disturbed in 
motor coordination problems (Raynor, 2001, Smits-Engelsman et al, 2008, 
Geuze, 2005), as described in the introduction to this thesis.
Taken together, there is extensive overlap of our findings with those from studies 
in other movement disorders, which increases our confidence in the findings even 
in the absence of genome-wide significance. The observed involvement of basic 
processes in central nervous system development such as neuronal plasticity 
and neurite outgrowth as well as in muscle function really further our understanding 
of the etiology of motor coordination problems.
Conclusion and Summary of main points
This thesis has investigated the nature of the relationship between ADHD and 
motor coordination problems. By studying the co-occurrence of ADHD and motor 
coordination problems we tried to refine the phenotype of ADHD. Accurate 
phenotyping in ADHD is important to help to unravel the genetic architecture of 
this highly heterogeneous and multifactorial disorder. A better understanding of 
the phenotype might also aid in clinical assessment and treatment of ADHD. 
Motor coordination problems in ADHD are well recognized in clinical practice but 
seem underrepresented as research-subject.
Now, what does this thesis add to current knowledge? The key findings are the 
following:
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1. Motor problems occur In one third of children with ADHD. (Chapter 2)
2. Girls are equally often affected as boys. (Chapter 2)
3. Teenagers are just as affected as younger children. (Chapter 2)
4. Children with ADHD perform especially poorly on fine motor skills. (Chapter 3)
5. Inattention scores are related to motor problems more than hyperactlvlty- 
Impulslvlty scores. (Chapter 2)
6. Fine motor performance Is most strongly correlated with Inattention.
(C hapter 2)
7. ADHD-unaffected siblings of children with ADHD perform poorer too, when 
compared to controls. (Chapter 3 an d  5)
8. Children with ADHD overestimate their own motor performance. (C hapter 3)
9. Only half of motor-affected children with ADHD receive physiotherapy. 
(Chapter 4)
10. Behavioral factors Influence referral; ADHD-affected children with comorbld 
anxiety and conduct disorder are less often treated for motor problems than 
those without such comorbldltles. (Chapter 4)
11. Socioeconomic status does not Influence the percentage of children that Is 
treated for motor problems. (Chapter 4)
12. Motor coordination problems run In families. (C hapter 5)
13. The combination of ADHD and motor problems also runs In families. 
(Chapter 5)
14. ADHD and motor problems share a common etlologlc background, which Is 
either genetic and/or environmental In nature. (C hapter 5)
15. Genes Involved In neuronal developmental and neurlte outgrowth and those 
Involved In synaptic long-term depression, Important In neuronal plasticity 
and learning new motor skills, play a role In motor coordination problems. 
(Chapter 6)
16. There appears to be overlap of genes Involved In motor coordination 
problems with those Involved In neuropathy, Amyotrophic Lateral Sclerosis 
and Restless Legs Syndrome. (Chapter 6)
17. Genes affecting motor coordination may not only affect neuronal function 
but also the functioning of skeletal muscle. (Chapter 6)
There Is a need for Increased recognition of clinical Implications of the relationship
between ADHD and motor coordination problems. Both assessment and
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intervention need interprofessional collaboration. Examining and treating only 
one aspect of the combined disorders in isolation of the other factors is a missed 
opportunity to help these children in daily life.
Open questions
A number of interesting questions remain, answers to which could bridge current 
gaps in our knowledge. Is the pathophysiology of ADHD alone different from that 
of ADHD plus motor coordination problems? Do motor problems in ADHD form a 
subtype of DCD? Is DCD due to a delay of normal maturation, or to a deviant or 
disordered development? Is DCD the extreme of a continuous trait present in the 
general population? What is the underlying neurobiology of ADHD, motor 
coordination problems and ADHD plus motor coordination problems? What is the 
optimal intervention, and when should it start? Are motor coordination problems 
as seen in ADHD and in DCD separable from mild cerebral palsy? And, should 
the ADHD-related motor problems, DCD and mild cerebral palsy or hemiplegia 
exclude one another or could they be seen as a continuum of movement disorders? 
Are there additional risk genes for ADHD plus motor coordination problems? Do 
genes involved in DCD really play a role in muscle function? Are ADHD and ALS 
related on the genetic level? Do ADHD, Restless Legs Syndrome and DCD share 
a partly common genetic background? Is synaptic long-term depression, allowing 
learning and memory, an important common signalling pathway disturbed in both 
ADHD and motor coordination problems?
Future research
The findings described in this thesis need further elaboration. A follow-up study 
of the participants in IMAGE has just been started. It will be interesting to study 
the children with structural and functional MRI. Possibly the cerebellar anomalies 
described in previous studies of ADHD (Durston et al, 2004; Casey et al, 2007) 
can be found specifically in the group of ADHD-plus motor problems. Linking MRI 
measures to motor data and genetic information already collected might also 
provide us with more powerful means to identify the genes underlying the
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biological basis of ADHD and motor coordination problems, because MRI 
measures seem to work well as endophenotypes for brain disorders (Gottesman 
and Gould, 2003; Meyer-Lindenberg and Weinberger, 2006; Meyer-Lindenberg,
2009).
With these modern imaging techniques it might become more and more obvious 
that small neurological damage or anomaly, not noticeable before, accounts for 
motor problems in ADHD and DCD. If this were true, can the definition of DCD still 
hold? After all, the DSM-IV criteria demand that the motor disturbance should not 
be due to a neurological disorder.
A follow-up study directed at motor coordination problems in the IMAGE children 
may also enable us to investigate the development of these problems and its 
relation with ADHD over the years. We may hypothesize that those children with 
ADHD plus motor problems in the first assessment will be those with poorer 
outcome five years later. This will shed light on which factors are predictive for 
disease outcome.
As far as the genetic research we aim to replicate our findings of the GWAS in a 
much larger, independent sample. Although we have employed considerable 
efforts to find suitable replication samples for this goal also in the context of this 
thesis, we have not yet been able to. It is my hope that this thesis will contribute 
to a higher awareness of the need for additional research in this area.
Regarding treatment identification of which neural processes are altered in ADHD 
and motor problems will lead to more individualized, biologically targeted 
treatments. For motor coordination problems, medication may play a role next to 
empowering parents, practicing motorabilityandtraining social abilities. Research 
into medication and its effects on motor performance has been scarce up to now. 
Possibly the new pathways found in our GWAS will give new directions in the 
research into the pharmacological treatment of ADHD and motor problems. 
Personalised treatment for every child who needs it is the future. Eventually, all 
research in the field of medicine aims to benefit the individual patient.
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Final words
The results of the studies undertaken add knowledge to the clinical presentation 
of ADHD with comorbld motor coordination problems, the complexity of the 
phenotype and to the genetics of ADHD and motor problems. Knowing more 
about the etlopathology of ADHD and motor problems, advances will be made In 
diagnosis, and hopefully In prognosis and treatment. Possibly even prevention of 
the burden of ADHD and motor coordination problems will become available In 
the future. Finally, this thesis advocates a more Intensive cooperation between 
different health care professionals, and empowering of teachers and parents, 
while considering the child as a whole.
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M otorische problem en kom en veel voor bij ADHD. ADHD staat voor A ttention 
Deficit H yperactiv ity Disorder, in het N ederlands vertaald  met “A andachtstekort- 
H yperactiv ite its s too rn is ”. Kinderen met ADHD hebben concentra tieprob lem en 
en hyperactief en im puls ief gedrag. Ze zijn dus overbew eeglijk en onnadenkend, 
en daardoor vaak wat ongerem d, ook in hun bewegingen. Maar daarnaast bestaat 
er in ongeveer de helft van de gevallen ook een m otorische onhandigheid, vooral 
in de fijne m otoriek. Problem en m et schrijven, veters strikken en knopen open en 
dicht maken kom en veel voor. Het p lannen van bewegingen gaat moeilijk, 
b ijvoorbeeld het op een stoel gaan zitten, of gaan springen. De tim ing van 
beweging is vaak een probleem , wat zich b ijvoorbeeld uit in het niet op tijd zijn 
met het vangen van een bal. De precieze kracht is m eestal ook niet goed afgesteld, 
w aardoor het niet goed lukt om een aardbei op te pakken zonder hem fijn te 
knijpen. K inderen met dit soort m otorische stoorn issen krijgen som s niet genoeg 
feedback vanuit het lichaam , w aardoor ze erg m oeten vertrouw en op hun ogen 
en ze b ijvoorbeeld niet in het donker kunnen trap lopen. Het evenw icht is vaak niet 
zo goed. Ook het leren van nieuwe m otorische vaard igheden zoals fie tsen of 
zw em m en duurt extra lang. En door alle bovenstaande m oeilijkheden zijn ze met 
gym nastiek en sporten niet altijd even goed.
Deze problem en blijven d ikw ijls onderbelicht in de d iagnostiek van ADHD. Ook 
tijdens de behandelingsfase voor ADHD wordt m eestal weinig aandacht 
geschonken aan deze problem atiek. En dat is jam mer, w ant behandeling, 
b ijvoorbeeld door de k inderfysio therapeut, heeft zijn nut bewezen. K inderen met 
ADHD hebben het al niet zo gem akkelijk. Ze zijn vaak niet erg geliefd bij hun 
k lasgenootjes en worden zelden op een verjaardagsfeestje  gevraagd. A ls ze dan 
ook nog eens niet goed kunnen m eekom en met sport en spel, en schoo lp rob le ­
men w orden verergerd door een slecht handschrift, is dat een extra nadeel.
Het onderzoek
Het onderzoek in dit proefschrift heeft de m otorische problem en bij een grote 
groep kinderen met ADHD in kaart gebracht.
191
NEDERLANDSE SAMENVATTING
Enerzijds, in deel 1 van het proefschrift, is gekeken naar de klin ische aspecten, 
m.a.w.: hoeveel kinderen met ADHD hebben last van m otorische onhandigheid? 
Hebben m eisjes en jongens het even vaak? Hebben tieners het ook, of alleen 
jonge kinderen? Hoe kijken ze zelf tegen hun m otorische prestaties aan? W orden 
ze er wel voor behandeld? Zijn er factoren aan te w ijzen die de behandeling 
beïnvloeden?
Anderzijds, in d e e l2 v a n  het proefschrift, isgekeken naarm oge lijkeach te rliggende 
oorzaken: is het een fam ilia ire aandoening, is er erfe lijkheid in het spel? Hebben 
de broertjes en zusjes ook vaker last van m otorische s toorn issen? En als de 
broertjes of zusjes ook ADHD hebben, kom t dan bij hun de com binatie  met 
m otorische stoorn issen ook vaker voor? Zijn er m isschien gem eenschappelijke 
genen die zowel de ADHD als de m otorische problem en (mede) veroorzaken? 
En zijn er genen aan te w ijzen die veran tw oorde lijk  zijn voor het ontstaan van de 
m otorische stoorn issen?
Om dit te kunnen onderzoeken is een grote groep fam ilies verzam eld met 
m in im aal 1 kind met ADHD. Er m oest altijd een broer of zus zijn, met of zonder 
ADHD. De kinderen waren 5 to t 17 jaar oud. Er werd inform atie van de ouders en 
van de leerkrachten verzam eld, en de kinderen zelf werden onderzocht.
In Nederland deden in to taa l 365 A D H D -fam ilies mee, met 874 kinderen. Daarnaast 
werden buiten deze fam ilies ruim 200 controle kinderen zonder ADHD onderzocht.
Dit onderzoek m aakte deel uit van een groter, in ternationaal project, genaam d 
IMAGE, dat staat voor International M ulticentre ADHD Genetics studie. Het doel 
van dit grote onderzoek was om genen te vinden die een rol spelen bij het ontstaan 
van ADHD. Zeven Europese landen en Israël deden mee. Van alle deelnem ers, 
ouders en kinderen, werd bloed afgenom en en hieruit werd DNA, het erfe lijk 
materiaal, geïsoleerd, opgeslagen en onderzocht in N ijm egen en in de USA. Het 
onderzoek werd gefinancierd door het A m erikaanse National Institute of Health. 
In het totale IMAGE project werd in 954 fam ilies volled ige genotypering gedaan, 
d.w.z. vrijwel het gehele DNA werd van hen in kaart gebracht.
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Samenvatting en Resultaten
Hoofdstuk 1 bevat een Introductie over ADHD en vat de m eest recente inzichten 
in de ontstaansw ijze en het to t nog toe verrichte genetische onderzoek samen. 
Dat ADHD een sterke erfelijke com ponent heeft is al wel duidelijk, m aar hoe het 
precies zit nog niet. W aarsch ijn lijk  zijn er veel genen bij betrokken, die ieder m aar 
een klein effect hebben. Hoewel er nog geen neurob io log ische m arkers bestaan 
om ADHD aan te tonen bij het individuele kind, zijn er wel verschillen tussen 
kinderen m et en zonder ADHD op groepsniveau. Bij de kinderen met ADHD loopt 
de hersenrijp ing 2 to t 3 jaar achter. Ook zijn de hersenen gem iddeld iets kleiner 
in volum e, met name de frontale gebieden, de zg. nucleus caudatus en het 
cerebellum . Bij neuropsycholog ische testen scoren kinderen met ADHD vaak, 
maar niet altijd, lager op de executieve functies (die te maken hebben m et plannen 
en organiseren) en de m otivatie  en hebben ze een andere be loningsgevoelig - 
heid. Verder w ordt in H oofdstuk 1 een overzicht gegeven van Developm ental 
C oord ination Disorder, m eestal afgekort to t DCD, de naam voor het beeld van 
m otorische onhandigheid. De com binatie van ADHD en DCD w ordt onder de 
loep genom en en een sam envatting  w ordt gegeven van de wetenschappelijke 
literatuur op dit gebied.
In H oofdstuk 2 wordt beschreven, dat een derde van de kinderen met ADHD in 
onze onderzoeksgroep m otorische problem en had. Bij de controle kinderen werd 
bij 7% melding gem aakt van dit soort problem en. De m otorische problem en bij 
de A D H D -k inderen bleken vooral gerelateerd aan concentra tiestoorn issen en 
m inder aan hyperactiv ite it en im pulsivite it. De m otorische problem en bleken bij 
jongens en m eisjes met ADHD in gelijke mate voor te komen, terw ijl bij kinderen 
zonder ADHD de m otorische prestaties van de m eisjes beter waren dan van de 
jongens. T ieners met ADHD hadden de m otorische problem en in vrijwel dezelfde 
mate als jongere kinderen.
Hoofdstuk 3 beschrijft de resultaten van een m otorische test, de M ovem ent-ABC, 
in relatie to t het m otorisch zelfbeeld van kinderen met ADHD, hun broertje of 
zusje, en een groep controle kinderen. 63% van de kinderen met ADHD had geen 
optim ale m otoriek, 34% had een uitgesproken m otorisch probleem . Het b leek dat 
de kinderen met ADHD vooral s lechter scoorden op de fijne m otoriektest.
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De broertjes of zusjes zonder ADHD scoorden iets beter op de m otoriektest, 
maar slechter dan de controle kinderen. De kinderen met ADHD hadden een 
geflatteerd beeld van hun m otorische prestatie. Ze overschatten dus hun 
m otorische capaciteiten.
In H oofdstuk 4 Is gekeken naar eventuele verw ijz ing en behandeling door de 
fys io therapeut. S lechts de helft van de m otorisch gestoorde kinderen had ooit 
fys io therap ie  gekregen. Dit Is erg jam m er om dat bewezen Is dat oefening helpt. 
Factoren, die verw ijz ing beïnvloedden, waren b ijkom ende angst- en gedrags­
stoorn issen van het kind, naast hun ADHD. Soclaa leconom lsche factoren 
speelden geen rol In het wel of niet behandelen van de m otorische problem en.
Voor H oofdstuk 5 Is een selectie gem aakt van die broer-zus paren die óf allebei 
ADHD hebben, óf ju ist helem aal niet op e lkaar lijken In dit opzicht. Dit wordt 
genoem d: een Indeling In concordante en d lscordante paren. De kinderen die 
geen ADHD hadden, m aar wel een broer of zus met ADHD, scoorden slechter op 
de m otoriek dan controle kinderen. K inderen m et een broer of zus met m otorische 
problem en hadden dit zelf ook vaker. Kinderen met de com binatie ADHD plus 
m otorische problem en hadden vaker een broer of zus met dezelfde combinatie. 
V la een sta tis tische m ethode werd berekend dat er een gem eenschappelijke 
fam iliare, m ogelijk genetische, achtergrond bestond voor de com binatie ADHD 
en m otorische problem en.
H oofdstuk 6 beschrijft een nieuwe m ethode van genetisch onderzoek, de 
genoom w ljde assoclatlestud le, a fgekort GWAS. H ierbij w ordt niet van te voren 
een hypothese opgesteld w aar zich de betreffende genen zouden kunnen 
bevinden, m aar w ordt het gehele genoom  onderzocht. Met een DNA-chlp met 
honderdduizenden m arkers Is gekeken naar varia ties In het DNA die zijn 
gerelateerd aan de aandoening, In dit geval m otorische stoorn issen. De variaties 
worden SNPs genoem d (spreek uit: snlps). Een SNP Is een enkelvoudig 
basenverschll In de DNA-volgorde van een bepaald persoon. Om dat er een groot 
aantal SNPs w ordt onderzocht, Is de kans op fouten In de berekening groot en 
daarom  worden strenge eisen gesteld aan wat sta tis tisch s ignificant wordt 
genoem d bij dit soort studies.
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Er werd in onze patiëntengroep een aantal genen ontdekt die van betekenis 
kunnen zijn bij het ontstaan van m otoriek problem en bij ADHD. Deze genen 
bevonden zich deels in b iolog ische paden, die te maken met ontw ikkeling van 
zenuwcellen en m et de verb inding en com m unicatie  tussen hersencellen. M ogelijk 
zijn deze paden betrokken bij de oorzaak van de aandoening. De genen bleken 
zowel in zenuwcellen als in spiercellen to t expressie te komen. Twee door ons 
gevonden genen zijn eerder beschreven in associatie  met Am yotro fische Lateraal 
Sclerose en met Restless Legs Syndroom .
Wat dragen de resultaten bij?
De resultaten uit dit proefschrift hebben de kennis over m otorische stoorn issen 
bij ADHD vergroot. Dat is belangrijk voor de kinderen die behept zijn met deze 
dubbel-lastige aandoening. H opelijk kom t er m eer aandacht voor deze 
problem atiek. Bij het stellen van de diagnose ADHD zou ook expliciet gelet 
moeten worden op het m otorisch functioneren van het kind. Dit is nodig om dat uit 
eerder onderzoek bekend is, dat het m inder presteren op m otorische vaardig heden 
vaak gepaard gaat met een laag zelfbeeld, m eer angst, slecht sociaal functioneren 
en bij adolescenten m eer risico geeft op overgewicht, d iabetes en vaatproblem en. 
Het zou ook goed zijn als m otorische stoorn issen op jongere leeftijd w orden g e­
d iagnosticeerd. Deze kinderen zijn nam e lijkgebaat bij tra in ing van hun m otorische 
vaard igheden. Ook hier geldt: oefening baart kunst. En, hoe jonger het kind is als 
de oefentherap ie start, hoe beter het is. De consulta tiebureau-artsen  van de 
Centra voor Jeugd en Gezin en de schoolartsen zouden een rol kunnen spelen bij 
de vroege d iagnostiek van deze ontw ikke lingsstoorn issen. Sam enw erking tussen 
verschillende d iscip lines zou deze kinderen ten goede komen. Ook is het heel 
belangrijk om het gehele kind te zien met zijn eigen aanleg, om gevingsfactoren, 
fam ilie  en sociaal m ilieu en niet slechts enkele aspecten van het kind.
W at betreft de erfelijke aanleg heeft dit onderzoek uitgewezen dat ADHD met 
m otorische stoorn issen m ogelijk  een subtype van ADHD is. Dankzij de enorm e 
vooru itgang in onderzoekstechn iek op genetisch gebied w ordt het in de toekom st 
w ellicht m ogelijk om de diagnose ADHD en/of m otorische s toorn issen in een 
vroeger stadium  te stellen. M isschien kan dan ook een voorspelling  over het 
beloop van de aandoening worden gedaan. De genen die gevonden zijn kunnen 
een n ieuw  licht werpen op de oorzaak van ADHD en van m otorische problem en.
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Onze resultaten zouden wel gerepliceerd moeten w orden In een onafhankelijke, 
andere groep kinderen. H opelijk kan het onderzoek In de toekom st ook lelden tot 
preventieve m aatregelen en nieuwe behandelm ogelljkheden. M isschien kunnen 
de b iolog ische routes die aangegeven w orden door deze genen het onderzoek 
naar nieuwe effectieve m edicatie een nieuwe richting In sturen. O ok zou het In de 
toekom st m ogelijk  kunnen w orden dat genetisch onderzoek een rol gaat spelen 
bij de precieze keuze In behandeling. Dan Is sprake van een persoonlijk genetisch 
profiel van een kind, w aar de behandeling op w ordt aangepast.
Onderzoek voor de toekomst
Het Is w ellicht zlnvol om voo rt te borduren op de bevindingen In dit onderzoek. 
Het zou b ijvoorbeeld Interessant zijn om de kinderen waarvan we nu zowel de 
m otorische problem en als de genen In kaart hebben gebracht te onderzoeken 
met behulp van neuro-lm aglng, dat w il zeggen, hersenscans. Het Is m ogelijk om 
dit soort geavanceerde fo to ’s te maken terw ijl kinderen een m otorisch taakje 
uitvoeren, een zogenaam d beeldvorm end functle -onderzoek (fMRI). Dit zou m eer 
duidelijkheid  kunnen brengen In wat er nu precies anders loopt In de hersenen 
van kinderen die zowel ADHD als m otorische stoorn issen hebben.
Een vervo lgonderzoek stelt ons ook In staat om het beloop van de aandoeningen 
te onderzoeken. Met andere woorden, welke kinderen na een aantal jaren nog 
steeds vo ldoen aan de criteria voor ADHD en welke niet, en hoe het met de 
m otoriek Is gegaan.
Verder zou het nuttig zijn om een nog veel grotere groep kinderen met m otorische 
s toorn issen dan de onze te onderzoeken en te kijken of de gevonden genen 
daarin overeenkom en met onze bevindingen.
Voor de kinderen zou het goed zijn als er m eer onderzoek kom t naar welke 
therap ieën nu echt zlnvol zijn bij m otorische problem en en ADHD. Naar m edicatie 
en het effect ervan op m otoriek Is nog relatief weinig onderzoek gedaan. 
Medicatie zou meer m oeten kunnen worden toegesp its t op het Individuele kind. 
Op die m anier zouden ongewenste bijwerkingen m ogelijk verm eden kunnen 
worden. U ite indelijk is het belangrijkste doel van al het w etenschappelijk 
onderzoek dat w ordt verricht in de geneeskunde im m ers het zo goed m ogelijk 
behandelen van de individuele patiënt.
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Eerlijk gezegd lees ik zelf van een proefschrift vaak alleen het dankwoord en de 
stellingen en, ervan uitgaand dat dit voor de meeste m ensen geldt, m aak ik me 
dus ook geen illusies dat het met dit proefschrift anders zal gaan. En gelukkig 
m aar dat dit hoofdstukje  goed gelezen wordt, w ant dank-je-w el zeggen vind ik 
heel belangrijk.
Al m et al is dit een buitengew oon leerzaam  project geweest, op allerlei gebied. 
Dit p roefschrift mag dan een “w etenschappelijk  proeve op het gebied van de 
m edische w etenschappen” zijn, voor mij werd het ook vooral een “proeve van 
doorze tting sverm ogen”. Dat kwam  mede doordat in 2006 bij mij borstkanker 
werd gediagnosticeerd. Het zijn dus heftige jaren geweest. Dat dit proefschrift er 
toch gekom en is, is aan een heel aantal m ensen te danken, m aar toch vooral 
aan:
A llereerst m ijn p rom otor Prof.J.K .Buitelaar. Jan, ik heb enorm  veel van je geleerd. 
Ik bewonder je w erklust, je enorm e kennis en je ijzeren geheugen. Ik w ist als niet- 
academ isch w erkende kinderarts vrijwel niets van onderzoeksland. Jij hebt me 
daarin w egw ijs gem aakt en me de ruim te gegeven om me te ontw ikkelen. Veel 
dank voor de inspiratie en de ondersteuning, m aar ook voor de vrijheid die je mij 
in het onderzoek gegund hebt om er een wat m eer klin ische draai aan te geven. 
Mijn coprom otor Dr. B. Franke. Lieve Barbara, het is beslist niet overdreven om te 
stellen dat dit hele proefschrift er niet geweest zou zijn zonder jou. Zonder jouw  
bem oediging, een aantal keren precies op het ju iste m om ent, had ik het b ijltje er 
bij neer gegooid. Ik heb ongelo fe lijk veel van je geleerd. Je bent een echte 
wetenschapper. Je bent heel precies. Je kunt verschrikke lijk  goed schrijven. Je 
spoorde me altijd aan om nog net iets verder te gaan. Ik heb door jou nog meer 
respect gekregen voor m ensen die basaal w etenschappelijk  w erk doen. Daarnaast 
kan je heel doortastend zijn. En, ook zo belangrijk, je bent heel prettig gezelschap. 
Onze congresreizen naar Dublin, Boston en M annheim  (Eunethydis) waren 
ontzettend leuk en inspirerend en gezellig. Ik hoop dan ook dat w ij nog vaak 
zullen sam en werken, ook nu het proefschrift is afgerond.
De leden van de m anuscrip tcom m issie , prof. van Engelen, prof. B runner en prof. 
O udesluys-M urphy wil ik harte lijk bedanken voor hun tijd  en m oeite om het
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m anuscrip t kritisch te lezen. Evenals de overige leden van de com m issie, prof. 
O osterlaan, prof. Hadders-A lgra, dr. de K leine en dr. Hoekstra: veel dank voor het 
lezen en de bereidheid te opponeren.
Prof. Sergeant, beste Joe, jij bent een van de architecten van het IMAGE project. 
Bij de IMAGE m eetings leerde ik je kennen, in de VU, en ook een keer bij mij thu is 
toen ik nog niet veel energie had om te reizen. Je was altijd aardig, belangstellend 
en behulpzaam , en het was fijn dat je als native speaker m ijn Engelstalige 
m anuscrip ten ook in taalkund ig  opzicht verbeterde.
Alle andere onderzoekers van het IMAGE team , o.a. Judith N ijm ijer en Renee 
Arnold, wil ik ook graag bedanken voor de sam enwerking.
Dr. Nanda Lam bregts-Rom m else, lieve Nanda, vanaf het allereerste begin hebben 
we veel lief en leed gedeeld in het IMAGE onderzoek. Ik herinner me de eerste 
keer dat we e lkaar spraken in de VU en je plannen had voor 9 (!) artikelen. Dat het
er u ite indelijk 14 werden had niem and kunnen denken.....Je hebt me heel goed
geholpen, in die eerste m aanden van het onderzoek bijvoorbeeld door een 
database op te zetten w aar ik ook gebruik van kon maken, w aardoor ik al heel 
snel eerste resultaten kon laten zien in Boston. Toevallig werd A nnem arie  Fibbe, 
die stage liep bij jou, zonder dat w ij dat van e lkaar w isten, bij mij onderzoeksas­
sistente. Dat b leek heel goed te werken. Ook later in het tra ject en tijdens mijn 
ziekte ben je altijd even behulpzaam  en lief geweest voor mij. Ik vind het een eer 
en ook een echte steun dat jij straks m ijn paranim f w ilt zijn. Jouw  nu al prachtige 
carrière blijf ik m et aandacht volgen.
De co lleg a ’s in N ijm egen wil ik graag bedanken. Prof. M. N ijhuis, Ria, dank voor 
de prettige sam enwerking. Jij bent net als ik iem and van de praktijk, lekker nuchter 
en je houdt ook van lachen. Het was leuk om sam en te werken aan het 
m ovem ent-ABC  project. M arieke de Hoog, dank voor de hulp met het uitvoeren 
van de m ovem ent A B C ’s bij de kinderen met ADHD, zowel in Rotterdam  als 
N ijmegen.
Bij C athelijne Buschgens, m ijn directe co llega-onderzoeker kwam ik in een 
gespreid bedje, w ant jij, Cathelijne, w erkte  al anderhalf jaar op het IMAGE project 
toen ik erbij kwam. Je organiseerde PACS tra in ingen, en redde mij eens toen het
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hele Reference M anagerbestand van m ijn laptop was verdwenen. Bedankt 
daarvoor en ook voor alle kopjes thee. M arieke A ltlnk begon als onderzoeksas­
sistente en werd later zelf prom ovenda. Lieve Marieke, het hullen stond je som s 
nader dan het lachen als er w eer eens een mail uit Londen kwam w aardoor je zo 
w eer een hele dag opgescheept zat met vervelende klussen. En toch was je altijd 
even aardig. We deden sam en de cursus b lom etrle  en hebben toen ook veel 
gelachen, gelukkig. B innenkort prom overen Cathelljne en jij nu ook, wat heerlijk. 
O ok alle andere onderzoekers bij de psychiatrie wil ik bedanken voor de 
sam enw erking, met name Maaike Verhagen. Ik vond het prettig dat jij ook de 
cursus Behavioral Genetics in de VU in Am sterdam  deed in die eerste m aanden 
van ons onderzoekstraject. Ook bedankt voor je tips in de laatste fase van de 
prom otie, die jij nu al w eer een jaar geleden zo m ooi hebt afgerond. Marleen 
Bastiaanse, dank voor de hulp met invoeren van de data en het vele nabellen om 
de gegevens te com pleteren. M artijn Lappenschaar, dank voor hulp met de 
database.
A le jandro A riaz Vasquez, bedankt voor het uitvoeren van al die geweldig 
ingew ikkelde analyses. Geen enkele Nederlandse man heeft ooit m ijn laptopkof- 
fertje  voor me gedragen, m aar jij wel. Je bent behulpzaam  en galant en dat is 
heel prettig. Ook Sita Verm eulen wil ik graag bedanken voor haar bijdrage aan de 
genetische statistiek.
Geert Poelm ans, w ie had die dag in 2005 op Harvard kunnen denken dat we nog 
eens sam en een fraai artikel zouden schrijven. Dank voor de sam enwerking, het 
bedenken van het netwerk en voor je hulp m et de tabellen. Ik w ens jou veel 
succes met je aanstaande prom otie.
Angelien Heister, jij was ve rantw oorde lijk  voor het verw erken van de honderden 
bloedm onsters. Het was altijd gezellig om jou op het lab te zien. O ok deden we 
sam en de cursus SPSS. We kwam en erachter dat w ij destijds de enige m oeders
op het project waren en dat schept een band. En n u .....Nu zijn er heel wat meer
moeders!
Want, C athelijne kreeg Olivier, M arieke kreeg Guus, Nanda kreeg Jurgen, Judith 
is straks zelfs tw eem aal m oeder en A nnem arie  kreeg haar lieve Noa!
A nnem arie  Fibbe, net toen ik helem aal crazy werd van al die vragenlijsten, kwam 
jij als onderzoeksassis tente  en je was mijn redding (dit is niet overdreven). Je was
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nog student psychologie, m aar je inzet, nauwkeurigheid en organisatie ta lent 
waren professioneel. Je te le foneerde m et ouders en leerkrachten, je plande de 
gezinsonderzoeken in en je assisteerde zelfs bij het bloed afnem en voor DNA, 
wat overigens niet jouw  favoriete deel van het w erk was. Nu ben je GZ-psycholoog 
en team leider bij PsyQ AD H D -volw assen. H opelijk gaan wij b innenkort weer 
sam en werken in een levenslooppoli, sam en m et Sandra Kooij. Sandra, ik ken je 
nog niet zo lang en ik zie er naar uit sam en te gaan werken. M ooi dat we ons 
K inder-ADHD Netwerk en ju llie Vo lw assen-N etw erk hebben kunnen fuseren tot 
het ADHD Netwerk.
Deborah van Os w erkte  als student op het project en ben ik veel dankverschuld igd  
voor o.a. data-invoer en assistentie  bij de gezinsonderzoeken. A nnem arie  en jij 
waren m ijn tw ee  rechterhanden in Rotterdam . O nvergete lijkw aren de huisbezoeken 
die w ij to t diep in de provincie deden, als m ensen bijvoorbeeld m oeite hadden 
om  helem aal naar Rotterdam  of N ijm egen te kom en voor het onderzoek.
Jo landa de Kok hielp in het begin met het opzetten van het Excelbestand en het 
inp lannen van de gezinnen. Dank voor je behulpzaam heid en gezelligheid. Later 
deden jouw  eigen kinderen mee aan het onderzoek.
Lucertis, m ijn “echte baas”, dank ik voor de m ogelijkheid  in deeltijd gedetacheerd 
te w orden naar N ijm egen voor het uitvoeren van dit onderzoek, in com binatie met 
patiëntenzorg. In het begin was het John Balm, toenm alig  directeur, die mij 
aanm oedigde dit pad te gaan volgen. Ik dank je voor het in mij gestelde 
vertrouw en. Vooral de laatste jaren heb ik veel steun gehad van Ernst Hofman, 
mijn team leider. Ernst, ze bestaan dus toch, goede m anagers. Jij bent een echte 
baas, in de goed zin van het woord, prettig, stim ulerend, ondersteunend. Ik vind 
het fijn en ik ben er tro ts op om deel uit te maken van jouw  team. O ok wil ik je 
bedanken dat ik nog 8 uur de ruimte binnen m ijn aanste lling.heb gekregen om 
het proefschrift af te ronden. Jaantje Breuseker en Theo Verdel, w ij zijn nu letterlijk 
de ém inence grise van het team. W at een fijne co llega ’s zijn ju llie en wat heb ik in 
het D iagnostisch Centrum  veel van ju llie geleerd. Jaantje, ik heb het ontzettend 
gewaardeerd dat je mij, ook toen het lang duurde, altijd bleef bellen tijdens mijn 
ziekte. Ook de andere team genoten maken het vaak lastige w erk bij Lucertis zo 
prettig. Marian Mulders, wat leuk dat je na zoveel jaar w eer bij Lucertis terug bent 
gekom en.
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Astrid Beckers wil ik bedanken voor de fantastische secretarië le ondersteuning, 
je bent nu m ijn steun en toeverlaat, ik ben erg blij met jou.
Een bijzonder dankw oord wil ik w ijden aan de vele collega kinderartsen van het 
Netwerk ADHD, die uit het hele land fam ilies ge-enthousiasm eerd  en gem otiveerd 
hebben voor deze studie. U ite indelijk hebben wij 365 gezinnen kunnen 
onderzoeken, en dit was niet m ogelijk geweest zonder ju llie hulp. Met name wil ik 
v ier kinderartsen noem en die bijzonder veel gezinnen hebben aangeleverd: W im  
Brussel, Laurens Vlasveld, N oor Landsm eer en Rob Rodrigues Pereira. Rob, wij 
werken al heel lang sam en. Aan de tijd  in het C lara Z iekenhuis bewaar ik de 
m ooiste herinneringen. Bedankt voor alle ondersteuning die ik altijd van jou heb 
gehad. Ook erg bedankt dat je een deel van m ijn patiëntenzorg hebt w illen 
overnem en toen ik ziek werd. Je kwam  ondanks je drukke schem a zelfs 's avonds 
sam en met Jo landa spreekuur doen. Ik heb dat enorm  gewaardeerd.
En dan, mijn vrienden en vriendinnen. Vooral als het tegenzit, en dat mag je toch 
wel zeggen met die ziekte, m erk je w eer hoe onge lo fe lijk  belangrijk het is om lieve 
m ensen om je heen te hebben. Karin van Om m eren, we kennen e lkaar vanaf de 
peutertijd . Lieve Kaar, door jouw  w erk zien we e lkaar niet zo vaak, m aar wel af en 
toe en dan op leuke plekken zoals Italië en Noorwegen. Nu heb ik ook eens een 
keer iets gem aakt wat er nog niet was, al is het een boekje en geen beeld. 
M arjo le in van Rees, lieve Marretje, wat ben jij een supervriendin. Jouw  brede 
interesse en a lgem ene ontw ikkeling maken elk gesprek de moeite waard. Je hebt 
me ontzettend goed bijgestaan tijdens mijn ziekte, je bent vaak mee geweest 
naar het AVL en dat zijn dingen die ik noo it m eer vergeet. O ok wil ik mijn trouwe 
leesclub vriend innen noemen, Janke Colom bijn, Trix van de Torren, Vera Galis en 
Karin Pagano. Heerlijk om met ju llie van gedachten te w isse len en niet alleen over 
boeken. Onze tochtjes in de A lb lasserw aard, naar Texel, naar de Ardennen en 
met de boot behoren to t m ijn beste herinneringen van de afgelopen jaren. Lieve 
Janke, ik verheug me al w eer op het vo lgende “d oos je ” m et verrassingsinhoud, jij 
bent aan de beurt geloof ik.
Agnes Tazelaar, lieve Agnes, ook jou wil ik bedanken voor je vriendschap. We 
hebben al veel leuke dingen sam en gedaan en dat blijven we doen. Trudi Herwijer, 
lieve Trui, goed dat er e-m ail is. Zangeressen van TOONt, lief koor, bedankt voor 
de ontspanning, lekker zingen en lachen elke donderdagavond. A lbertJan
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Schulte, ik hoop dat we nog vaak mee zullen zingen met een Bachcantate In de 
Geertekerk.
Er zijn veel vrienden en kennissen geweest die Ik hier nu niet met naam genoem d 
heb, m aar die mij ook to t grote steun geweest zijn. PVDA-ers, ju llie  hebben me 
door alle om stand igheden de laatste jaren niet veel meer gezien. Ik koester ju llie 
vriendschap.
En dan, mijn fam ilie. C lem entine van Zeljl, lieve Tientje, m ijn d ierbare nichtje, wat 
fijn dat je m ijn paranim f w ilt zijn. T ijdens dat m oeilijke uurtje van de verdediging 
van mijn proefschrift w eet Ik jou straks achter mij. Onder het m otto “gedeelde 
sm art Is halve sm a rt” hebben w ij Inm iddels heel wat uurtjes “werken op Texel” 
erop zitten. Wat Is dat gezellig, zo sam en aan tafel met de laptops. Lange dagen 
zonder veel geklets, m aar wel lekker wandelen en fietsen tussendoor en om 
22.00u een glas w ijn. Naast je vele andere kwalite iten bewonder Ik ook jouw  
creativiteit. O ntzettend bedankt voor het ontwerpen van de cover van het boekje, 
het Is helem aal geworden wat Ik hoopte. Heel b ijzonder dat jij nu b innenkort bij 
Erlc gaat prom overen, Ik verheug me erop.
Anneke van Zeljl-van Vliet, Hef schoonzusje, we hebben le tterlijk sam en gelachen 
en gehuild. Ik zal nooit vergeten hoe goed je voor me hebt gezorgd tijdens die 
afschuwelijke chem otheraple-zom er. Ik hoop dat we nog heel veel m ooie vakanties 
sam en zullen doorbrengen en nog heel veel keren sam en Oud en N ieuw zullen 
vieren.
Lieve Jenny Voll, na 18 jaar hoor je ook bij de fam ilie. Dank voor je toewijd ing, 
eerst als oppas voor Hanna en nu pas je een beetje op ons allemaal.
Cellne Abunaw  Ojong, lieve pleegdochter, je vrolijkheid  Is aanstekelijk. Voor mij 
ben je het grote voorbeeld  van hoe je ondanks hele grote m oeilijkheden In het 
leven toch overeind kan blijven. Het Is m ooi om jou te zien met je eigen lieve 
gezin.
Lieve Hushlm unl Fllers, dank voor de Inspiratie en je niet aflatende pogingen om 
mij te w ijzen op de andere kant van het leven, w aar em oties en sp iritua lite it 
belang rijker zijn dan de ratio. Het heeft geholpen, denk Ik, nee, voel Ik.
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Eric, lieve broer, door dit p rom otie tra ject waarb ij ik het w etenschappelijk  werken 
van dichtbij leerde kennen, heb ik meer begrip en nog m eer respect gekregen 
voor jouw  academ ische carrière. Bedankt voor je ondersteuning en je liefde. 
Annelies, mijn lieve zusje, dank voor gewoon er altijd voor me zijn. W at is het altijd 
gezellig bij jullie, met de jongens, inclusief Nino. Ik dank ju llie voor alle liefde en 
voor alle lekkere hapjes.
Lieve mama, wat ontzettend jam m er dat jij zelf t.g.v. je Parkinson niet m eer in 
staat bent om de reis van Am sterdam  naar N ijm egen te maken voor deze speciale 
dag. En wat is het ontzettend jam m er dat papa er nu niet m eer is om deze dag bij 
te wonen. Hij zou wel heel tro ts geweest zijn zoals hij altijd tro ts was op ons alle 
drie. En toch zijn ju llie het, die aan de basis staan van deze prestatie. Heel veel 
dank voor alle steun en stim ulans al die jaren en het vertrouw en dat ju llie altijd in 
mij gehad hebben. En voor alle w ijze levenslessen.
En dan natuurlijk W im , Thijs en Hanna. Lieve W im, we hebben allebei altijd hard 
gew erkt en toch nooit de kw alite it van leven uit het oog verloren. Al m eer dan 30 
jaar zijn we sam en en nooit was het saai. Je bent nu internist n .p , en ineens glas- 
in-loodm aker, strandjutter, m eubelm aker en straks imker. W ij gaan sam en een 
nieuwe fase in en ook daarin zullen we w eer genieten van de vele goede dingen. 
Toen ik jou leerde kennen kreeg ik de 3-jarige Thijsje  er, to t m ijn geluk, bij. Thijs, 
veel dank, ook om dat je zo ’n goede grote broer bent voor Hanna, alias Okkie. 
Lieve Ok, net je eindexam en achter de rug sla je nu je eigen weg in. Fantastisch 
dat je bent aangenom en op de Toneelschool Am sterdam . Ik had onm ogelijk  m eer 
van je kunnen genieten dan ik gedaan heb. Bedankt voor al het geluk dat ju llie me 
gebracht hebben.
Tot slot wil ik alle fam ilies bedanken die m eegedaan hebben aan deze studie. Het 
w as vaak een hele belasting: tienta llen vragen lijsten invullen, met het hele gezin 
een dag voor onderzoek kom en naar N ijm egen of Rotterdam , bloed prikken, 
com putertaken doen, of m otorische testen in de gymzaal. Som s bezochten we 
ju llie thuis, w aar we dan altijd heel harte lijk ontvangen werden. O ntzettend 
bedankt daarvoor. We zijn dankzij ju llie toch w eer een klein stapje verder gekom en 
in het begrip over ADHD, erfelijke aanleg en m otoriek.
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Biografie
Ellen Fliers werd op 27 septem ber 1954 geboren te A m sterdam  als oudste dochter 
van Ewald Fliers en M artha Groen. Na het behalen van het g ym nas ium -b e ta  
d ip lom a in 1972 (Cartesius Lyceum te Am sterdam ) ontving zij een beurs om een 
jaar te studeren aan W ittenberg U niversity te Springfie ld, Ohio.
In 1973 startte zij de studie geneeskunde aan de U niversite it van Am sterdam  
w aar zij in 1978 haar doctoraal exam en haalde. Zij onderbrak in 1980 haar 
coschappen om met partner W im  van V lie t naar St. M aarten te vertrekken w aar zij 
beiden w erkzaam  waren in het S t.Rose Hospital.
In 1982 behaalde ze haar artsexamen, w aarna zij de specialisatie kinder­
geneeskunde deed in het AMC te Amsterdam , met een perifere stage in het MCA 
te Alkmaar. Daar besloot ze om na de opleiding te gaan werken als kinderarts in de 
algem ene praktijk, hetgeen zij vervolgens deed in het St.C lara Ziekenhuis, nu 
Maasstad Ziekenhuis, te Rotterdam. Al in 1988 kwam hier een dag per w eek werk 
bij op de toenm alige RIAGG-Zuid. Haar belangstelling ging steeds meer uit naar de 
psychosociale kindergeneeeskunde. Na bijna 14 algemene pediatrie stapte zij 
helemaal over naar de jeugd GGZ. Inmiddels, na allerlei fusies, heet deze organisatie 
Lucertis Kinder- en Jeugdpsychiatrie en is onderdeel van de Parnassia Bavo groep. 
Registratie als subspecia list kinderarts sociale pediatrie volgde in 2001.
Het w etenschappelijk w erk beschreven in dit proefschrift werd verricht vanaf 2003 
in detachering vanuit Lucertis Rotterdam  naar het Radboud Z iekenhuis te 
N ijm egen. In N ijm egen was zij als onderzoeker w erkzaam  op de afdeling 
psychiatrie bij prof. Buite laar en werd mede begeleid door Dr. Franke (afdeling 
Antropogenetica).
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